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SDMMARY 
Environmental pollution is generally referred to man 
made pollution introduced directly or indirectly into the 
atmosphere, hydrosphere, lithosphere and biosphere through 
man's activities. The ultimate goal of man's activities is 
the economic development for comforts of life. In a country 
like India, both poverty and economic growth pose serious 
environmental challenges. In desperate attempt to survive 
today, pec^le are forced to forsake their tomorrow and 
overuse their environment. Really, we cure unconsciously 
inviting perilous calamities. The disasters or the events 
occurring are portents of the future and as such 
environmental protection cannot be looked upon as an after 
thought. It should be linked to planning and costing of 
industries. 
As the present work is based on the sorption studies 
on the removal of heavy metals from industrial waste waters, 
a brief discussion on treatment technology of heavy metals 
needs attention. Interest has arisen recently in the 
investigation of some unconventional methods and materials 
for scavenging heavy metal ions from industrial waste 
voters. The most conmon method for the removal of heavy 
metals involves the precipitation of metals as their 
hydroxides. Other methods include evaporation, ion-exchange, 
electrolytic extraction reverse osmosis and adsorption 
techniques. Because of their low cost and ease in 
application, non conventional adsorbents are currently 
enjoying popularity in pollution control. 
In developing countries like India, there is an 
immense need of single and inexpensive methods for pollution 
monitoring and control. The use of various sorbents make it 
possible to work out sensitive and selective methods of 
separation as well as determination of a large number of 
heavy metals. In waste water treatment, the process of 
adsorption has an edge over other methods due to its clean 
sludge fee Operation. In quest of an inexpensive methodology 
for the removal of toxic metal pollutants, the possible 
utility of an adsorbent i.e. Mangifera Indica(Mango) seed cxr 
seed shell has been considered. Moreover a survey of . present 
literature shows that the said adsorbent which is easily 
available and also cheaper has not yet been used by the 
workers in this field. 
The work summarized in this thesis contributes 
substantially to the development of two major aspects 
(adsorption and separation) of analytical and physical 
chemistry.The contents are summarized in five chaptes. 
Chapter-I, an introductory part,provides a general 
idea about the environmental pollution, elements of 
pollution, its classification, characteristics of chemical 
pollutants and the role of heavy metals as pollutants and 
their sources. Besides, a brief discussion on thin layer 
chromatography (TLC) along with a con{>lete literatue survey 
(1973-1995) has been provided in this chapter. Moreover, a 
brief outline of various treatment techniques and con^ Jlete 
literature survey (1984-1995) on the removal of heavy metals 
from water and waste water using different adsorbents are 
given. 
Chapter-II deals with the chomatographic behaviour 
of cations and anions on mixed sorbent layers prepared from 
binary mixtures containing alumina, silica gel and/or 
cellulose in different ratios and developed with aqueous 
methanol containing tri-n-butyl phosphate and formic acid. 
All metal ions were clearly detected. Most of the metal ions 
migrates with the solvent (R-'^l.O) on silica gel or 
cellulose layers. Some binary and ternary separations, not 
possible on single-component layers, were realized on mixed 
beds. The results obtained on plain silica gel, alumina and 
cellulose have been compared with those obtained on mixed 
sorbent layers. MO has been separated from VO , Th and 
W at different pH values. The effect of the amount of 
MO On its separation has also been investigated. In 
addition to metal ions, common anions were also 
chromatographed on mixed beds with the aim ofi exploring the 
analytical potentialities of mixed bed for the separation of 
anions and studying the effect of anions on the separation 
of cations and vice-versa. 
Chapter-Ill summarizes the chromatographic behaviour 
of cations and anions on layers prepared f ran mixtures of 
synthetic inorganic ion exchangers (tin molybdosilicate or 
stannic arsenate) and silica gel, alumina and cellulose in 
1;9 ratio with tri-n-butylphosphate-foirmic acid as solvent 
systems. Several binary separations of analytical interest 
have been achieved on mixed sorbent phases. Moreover, the 
ion exchangers were synthesized under different experimental 
conditions. None of the mixed layers containing 
tinmolybdosilicate was found suitable for the separation of 
metal ions. However, stannic arsenate containing mixed layers 
were found useful for a selective separations of cations. 
The layers prepared from mixtures of stannic arsenate and 
alumina were the best yielding highly compact and well 
formed spots of cations. These layers can be used for the 
2+ 
selective separation of Hg frcxn multicomponent mixtures of 
cations. Similarly, stannic arsenate - cellulose layers can be used 
for the selective separation of Ag . 
The effect of pH on the separation of 103 from NO2 
and Br0 3 in presence of cations was examined and the 
quantitative determination of- loj on mixed bed of stannic 
arsenate and alumina (1:9) was also examined. 
As evident from the results (Table 1 ) the proposed 
method is quite accurate for the recovery and quantification 
of IO3. Moreover it has been found that stannic arsenate is 
one of the best synthetic inorganic ion exchanger with 
Table 1 : quantitative determination of KIO~ on stannic 
arsentate-alumina (1:9). 
Amount of KIO' 
loaded Img.; 
Amount of KIO-
found (mg) 
% Error 
3.2 
5.0 
6.8 
7.6^ 
3.3 
4.9 
6.5 
7.2 
+ 3.03* 
- 2.0% 
- 4.4% 
- 5.2% 
Average value of t r i p l i ca t e resul ts . 
txanenclous analytical potentialities. Besides, its blending 
with conventional sorbent materials is an attractive 
alternative for its analytical applications. The mixed 
layers combining the favourable features of individual 
sorbents lead to the altered selectively for inorganic ions 
and as a consequence better separation possibilities. 
Chapter-lV describes a comparative study of the 
behaviour of chemically treated and unteated Mangifera 
Indica seed and seed shell for the uptake of copper{II" ) ion 
from aqueous solution. Batch sorption studies were carried 
out at different temperatures. Moreover different chemical 
reagents were used to study the effect of copper(II) 
removal. It was observed that treatment with Na2HP0. 
enhanced the sorption capacity of the adsorbent. The 
sorption of Cu(ll) increased (8CT91%) with the increase in 
pH value of the Cu(II) solution and a contact time of 90 min 
was found to be optimum for ccxnplete adsorption. Effect of 
concentration shows that most of the Cu(II) can be removed 
from water. Sorption of Cu(II) was found to proceed in 
accordance with the Freundlich adsorption isotherm (Fig.l). 
Further the free energy of the process at all temperatures 
was negative and smaller which indicates that the process 
was spontaneous in nature with almost similar value of G 
Moreover, it was found that treated Mangifera Indica seed 
shell were having more sorption capacity than Mangifera 
Indica seed. 
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Fig. 1 Freundlich plots for the adsorption of 
Cu(II) by Mangifera Indica Seed Sheel 
(a) Untreated(b) t reated. 
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2+ 2+ + + 
Light metal ions (Ca , Mg / Na and K ) 
interfere in the ranoval of Cu(II). The proposed method is 
suitable for the ranoval of copper from sea water as weli as 
waste water. 
Chapter-V deals with the adsorption behaviour of 
cadmium« zinc/ nickel and lead from aqueous solutions by 
Mangifera Indica seed shell. The treated Mangifera Indica 
seed shell had a good sorption capacity towards metal ions. 
As such, the said adsorbent was used for the 
uptake of metal ions viz, cadmium, nickel, zinc and lead. 
The present studies indicates that the sorption of cadmium, 
nickel, zinc and lead increases with the increase in pH 
Vcilue. For cadmium, the maximum adsorption (72%) was 
attained at around pH 5. However, after pH 5, there was a 
decrease in the adsorption efficiency. It may be due to the 
formation of soloble hydroxy complexes. In case of zinc, 
nickel and lead, the maximum adsorption (91%) was attained 
around pH 6. A contact time of 90 min was found to be 
optimum. The effect of concentration shows that the 
adsorbent is capable to remove;most of the cadmium, zinc, 
nickel and lead from water and the sorption conformed to 
the Freundlich adsorption isotherm (Fig. 2-3) as it is 
evident from the values of regression coefficient. This 
Freundlich type behaviour is indicative of surface 
heterogenity of the adsorbent i.e. the adsorptive sites 
(surface of the Mangifera Indica seed shell) is made up of 
small heterogeneous adsorption patches which are 
homogeneous in themselves. Moreover, total adsorption 
decreased with the increase in temperature at low 
concentration leading to a reversal in the adsorption 
capacity at high concentration, whereas total adsorption 
increased with the temperature. The overall system seems to 
be endothermic in case of zinc, nickel and lead. But in 
case of cadmium, it is probably exothermic. 
Further, the free energy change at all temperatures 
was negative and it increases with the increase in 
temperature. The presence of sodium chloride influences 
the adsorption of cadmium, zinc, nickel and lead. 
The present study thus reveals that the treated 
Mangifera Indica seed shell is an excellent adsorbent for 
the removal of toxic heavy metals from various types of 
metal plating industries and also from the aqueous 
solutions. This adsorbent may also be used in water quality 
control. Besides, the adsorbent is a suitable, promising, 
cheaper and easily available and as such may offer an 
inexpensive alternative to the advanced treatment plants. 
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Fig- 2 Freundlich plots for the adsorption of (a) Cadmiuin 
and (b) Zinc on Mangifera Indica Seed Shell. 
11 
Fig. .3 Freundlich Plots for the adsorption of (a) Nickel 
and (b) Lead on Mangifera Indica Seed Shell. 
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CHAPTER- I 
CHAPTER - I 
GENERAL INTRODUCTION 
1.1 Environmental Pollution 
Environmental pollution has been defined as the 
unfavourable alteration of our surroundings by 
industrialization or by other human activities (1). Thus any 
discharge of materials or energy into water, land or air 
that causes or may cause acute (short term) or chronic 
(long term) detriment to the earth's ecological balance or 
that lowers ttie quality of life is termed as environmental 
pollution. A substance that interferes with health, comfort, 
amenities or property values of people is called pollutant. 
Generally, pollutants may cause primary damage,with direct 
indentifiable impact on the environment, or secondary damage 
in the form of minor perturbation in the delicate balance of 
the biological food web that are detectable only over long 
periods ranging from month to decades. 
The concept of environmental pollution is, however 
not new (2,3). In the thirtees, Robert Frost in his poem 
"New Hampshire" described the concern of the 
"environmentalists" and sounded a note of warning which is 
quite relevant even today. "How many times it thundered, 
before Franklin took the hint! How many apples fell on 
Newton's head, before he took the hinti Nature is always 
hinting at us. Until recently environmental pollution 
problem have been local and minor because of the earth's own 
ability to absorb and purify minor quantities of pollutants. 
The industrialization of society, the introduction of 
motorized vehicles and the explosion of the human 
population, however, have caused an exponential growth in 
the production of goods and services. The indiscriminate 
discharge of untreated industrial and domestic wastes into 
water ways, the spewing of thousands of tons of particulates 
and airborne gases into the atmosphere, the "Throwaway" 
attitude towards solid wastes and the use of newly developed 
chemicals without considering the consequences have 
resulted in major environmental disasters. 
Elements of Pollution 
Environmental contaminants include products of 
combustion, human excreta; expired air; dusts; pathogenic 
organisms; Vapours; gases; industrial solvent; extremes of 
temperature; infra red; ultra violet and even visible light, 
ionizing radiations; radioisotopes; noise; ultra high 
frequency sound; and certain microwave electromagnetic 
radiations. Presence of such biological, chemical or 
physical agents, however, does not necessarily make them 
pollutants. Quantitative evaluation of these contaminants 
with respect to duration of exposure, concentrations, 
frequency of repitition or occurrance, recovery period and 
their detrimental effect is required to adequately define 
pollution 
1.2 Classification of Pollution 
(a) Water Pollution: Water pollution is the introduction 
into land or ocean waters of chemical, physical or 
biological material that degrades the quality of 
water. This process ranges from simple addition of dissolved 
or suspended solids to discharge of the most indsidious 
toxic pollutants ( pesticides, heavy metals and non 
degradable, bioaccumulative, halogenated hydrocarbons etc.), 
which persist and pervade the environment. In the past 
century, with the industrialization of society and the 
unprecedent scale of human exploitation of the earth's 
resources, the planet balanced ecosystem has become 
endangered. 
(b) Thermal Pollution; It is the discharge of waste 
heat via energy dissipation into cooling waters and 
subsequently into nearby water ways. The major sources of 
thermal pollution are fossil fuel and nuclear electric power 
generating facilities and to a lesser degree, cooling 
operations associated with industrial manufacturing, such as 
steel foundaries, other primary-metal manufacturers and 
chemical and petrochemical producers. 
The discharge of heated water into a water way 
often causes ecologic imbalance, sometimes resulting in 
major kill near the discharge source. 
(c) Land Pollution: It is the degradation of the earth's 
land surface through misuse of the soil by poor 
agricultural practices, mineral exploitation, industrial 
wastes dumping and indiscriminate disposal of urban 
wastes. 
(d) Pesticide Pollution; These are organic and inorganic 
chemicals orginally invented and first used effectively to 
better the human environment by controlling undesirable 
life forms such as bacteria, pests and foraging insects. 
Their effectiveness has given rise to considerable 
pollution in the surroundings. 
(e) Radiation Pollution: It is any form of ionizing or 
nonionizing radiation that results from human activities. 
The most well known radiation results from the detonation 
of nuclear devices ana the controlled release of energy by 
nuclear power generating plants. Other sources of 
radiation include spentfuel reprocessing plants, by 
products of mining operations and waste waters from 
experimental research laboratories. Increased exposure to 
radiation emissions from microwave ovens and other 
household appliances, although of considerable less 
magnitude, all constitute the total effect that 
environmental radiation has on humans. 
(f) Noise Pollution: It is relatively of recent origin. 
It is a composite of sounds generated by human activities 
ranging from blasting stereo system to the roar of 
supersonic-transport jets, 
(g) Air Pollution: It is the accumulation in the 
atmosphere of substances that, in sufficient 
concentrations, endanger human health or produce other 
measured effects on living matter and other materials. 
Among the major sources of pollution are power and heat 
generation, the burning of solid wastes, industrial 
processes, and especially transportation. The primary 
pollutants which account for more than 90% of the air 
pollution problems are carbon monoxide (CO), nitrogen 
oxide (NO ), hydrocarbons (HC) , sulfur oxides (SO ) and 
X X X 
particulates. 
1.3 Chemical Pollutants 
Chemical pollutants are substances that enter into 
the environment through industrial, agricultural and other 
human, generated processes and pose a hazard to human,plant 
and animal kingdom. In the largest sense any 
manufactured substance present in excess is considered to 
be a chemical pollutant. 
1.3.1 Major Classes of Chemical Pollutants 
I Heavy Metals; Although heavy metals are natural 
components of the environment, but when concentrations of 
such metals (e.g. mercury, cadmium and lead) build to 
higher than normal levels, they become potentially lethal 
hazards. 
In the recent past, the out break of Itai-Itai 
disease in Japan following the consumption of rice 
containing high levels of cadmium, the Minamata disease 
caused after eating methylmercury contaminated fish, and 
lead poisoning in children who licked toys painted with 
lead based paints have dramatised the ill effects of 
environmental pollution by toxic metals. 
Cadmium is used in metal plating and in batteries. 
High concentration of cadmium can cause kindney and bone-
marrow diseases and emphysima. Airborne lead from 
automobile and industrial emission is absorbed into the 
body through lungs. The large affinity of lead for thiol 
and phosphate - containing ligands inhibits the 
biosynthesis of heme and thereby affects membrane 
permeability of kidney, liver and brain cells. This 
results in either reduced functioning or comfilete 
breakdown ot these tissues, since lead is cumulative 
poison. 
II Aromatic hydrocarbons; The polycyclic aromatic 
hydrocarbon (PAH) are formed by industrial processes and 
during the burning of gasoline, waste materials, and many 
other substances. Benzene usually present in gasoline and 
widely used in various industries is linked with health 
effects like leukemia and central nervous system 
disorders. 
III Organic Solvents: Organic solvents, vital to many 
industrial processes are often toxic and may be 
contaminated with other toxic substances. These may enter 
into water ways via factory effluent. 
IV Organo-Halogen Compounds: These are compounds of 
chlorine, bromine or flourine with organic chemicals. 
These are extremely useful as solvents, pesticides, 
herbicides, fire retardants and raw materials for plastic 
manufacture. 
Perhaps the most poisonous of the organo-halogen 
compounds is tetrachlorodibenzo-para-dioxin (TCDD) or 
commonly known as dioxin, A small amount of dioxin 
always contaminates the herbicide, 2,4,5-T. Under its 
code name, Agent orange 2,4,5-T was used by the 
U.S. military to defoliate large areas in South Vietnam. 
It is widely believed that this herbicide caused in-
numerable animal deaths and was responsible for prenatal 
deaths and the births of deformed Vietnamese children. 
V. Other Important Pollutants; Arsenic, a byproduct of 
zinc, copper and lead smelters and possibly also produced 
through the large scale bruning of coal-poison both 
livestocks and humans. The flurosis of cattle is caused by 
the presence of flouride on forage, a by-product of 
aluminium manufacturing and in organic fertilizer 
production. Sulfites and other wastes from paper mills are 
often serious local pollutants of streams and rivers. 
Production of dermatitis in some workers engaged in 
electroplating polishing, paints and pigment industries 
may be attributed to Chromium and Nickel poisoning. 
Respiratory illness, asthama and neurological disorders 
are common symptoms associated with manganese uptake by 
the workers working in manganese mines. It is obvious that 
the exposure to toxic elements in the work and living 
environment leads to health risks. The crucial problem is 
therefore, to assess safety margins from the available 
epidemiological data and from those generated by 
experimentation. 
The problem of metal intoxication and metallic 
pollution of environment is, however universal and the 
situation in India may be considered very typical of the 
countries which are on the process of development. 
As the work described in this thesis is related to 
heavy metal pollutants, a detailed discussion on metal 
pollution is presented in the following paragraphs. 
1.4 Sources of Metal Pollution 
The problem arising from toxic metal pollution of 
the environment due to increasing use of wide variety of 
heavy metals in industries and in our daily life, have 
assumed serious dimensions. In general it is possible to 
distinguish between different sources from which metal 
pollution of the environment originates. These sources 
are: 
I. Domestic Sewage 
I t s c o n s i s t s of spen t water coming from wash bas in , 
bathroom,washing machine. Kitchen e t c . I t a l s o c o n s i s t s of 
l i v ing ma t t e r e s p e c i a l l y b a c t e r i a , viruses and protozoa. The 
concentration of ccpper, lead, zinc, cadrLiium and silver reveal a marked 
influence of dcmestic effluents in the recieving waters (4). 
II. Industrial Wastes 
There are numerous sources of industrial effluents 
leading to heavy metal enrichment of the aquatic 
environment. The industrial wastes may carry a number of 
harmful substances such as grease and oil, explosive, 
heavy metal, pesticides, highly odorous substances, etc. 
Chemical and electro chemical methods are employed 
in the metal finishing and allied industries for the 
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purpose of protection and/or the decoration of a variety 
of metal surfaces (5). Most of the processes are followed 
by rinsing operations to remove the excess chemicals and 
other waste material from the treated surface, thus 
yiving rise to effluents enriched with metals. Notably, 
pickling and electroplating give rise to high waste 
metal concentrations. 
The industrial waste parameters with significant 
pollution potential are given in Table 1.1. 
III. Geological Weathering: 
This is the source of base line or back ground 
levels. It is to be expected that in areas characterised 
by metal bearing formations, these metals will also 
occur in elevated levels in the water and sediments of 
that particular areas. Obviously mineralized zones, when 
economically viable, are exploited to retrieve and 
process the ore. This in turn leads to disposal of 
tailings, discharge of effluents and possibly smelting 
operations which result in atnospheric pollution. 
IV Mining Effluents; 
The serious effects of mine effluents on the water 
quality in rivers and lakes, as well as on the biotopes, 
particularly on the fish population, have been known 
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Table 1.1: Industrial waste water parameters with significant 
pollution potential. 
UNITS PARAMETERS HAVING WATER 
POLLUTION POTENTIAL 
Paper and Pulp Phenols, sulfite, colour, heavy 
metals, nitrogen, phosphorus, total 
dissolved solvents. 
Petroleum refining Chloride, colour, copper, cyanide, 
Iron, Lead, Zinc, mercaptants, 
nitrogen, phosphorus, turbidity, 
odour sulfite. 
Steel industry 
Organic chemical 
industry 
Inorganic chemical 
alkalies and chlorine 
industry 
Plastic material and 
synthetic industry 
Nitrogen fertilizer 
industry 
Phosphate fertilizer 
Industry 
Electroplating 
Cyanide, Phoiols, 
Chromium, Zinc. 
Iron, Tin, 
Phosphous, heavy metal, phenols, 
cyanide nitrogen. 
Chlorinated benzonoids in polynuclear 
aromatic, phenols, chloride, 
phosphorus cyanide. Mercury, Copper, 
Lead, Titanium, Iron, Al\miinium, 
Boron, Arsenic. 
Phosphorus, Nitrate, Organic Nitrogen, 
Chlorinated benzonoids and poly-
nuclear aromatics. Ammonia, Cyanide, 
Zinc, mercaptants. 
Sulphate, Organic Nitrogen Compounds, 
Zinc, Calcium, Chemical Oxygen 
demands. Iron, pH, Phosphate. 
Acidity, Aluminium, Asenic, Iron, 
Mercury, Nitrogen, Sulphate, Uranium, 
Flouride, Cadmium. 
Cyanide, Chromium, Nickel, Cc^per, 
Cadmium, Iron. 
12 
for many years. One of the very first descriptions of 
this problem is the fifth report of the 1868 River 
Pollution Commission (6) in Britain, where especially 
grave damage was caused by the dispersal of toxic metals 
from lead, zinc and arsenic mines in mild-wales (7). 
Mine drainage occurs from the mine itself, waste 
rock dumps and tailing areas. The later two sources 
often contain a high concentration of sulfides and/or 
sulfo salts which are associated with most ore and coal 
bodies. 
V. Atmospheric Sources: 
Natural and man made processes have resulted in 
metal - containing air-borne particulates. Depending on 
prevailing climatic conditions, these particulates may 
become wind-blown over a great distances; and ultimately 
return to the lithosphere as precipitates by rain or 
snowfall. A recent study of .^hioidhasrevealed that 15-36% of 
the lead entering Lake Ontario from the Niagara River 
was attributed to atmospheric precipitations (8). 
VI. Urban Storm Hater Run off: 
V^ ith regard to pollution resulting from the 
urbanized areas, there is increasing awareness that 
urban run off presents a serious problem of heavy metal 
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contamination. Heavy rainfall in urban areas is no 
longer regarded as only a down pour of 'rainwater' since 
they often contain shock Ix^ ads of heavy metal contaminants 
(9). A statistical summary revealed that urban storm 
water runoff has long been recognized as a major source 
of pollutants to surface waters (10). Whipple and Hunter 
(11) found high concentrations of lead, zinc and copper 
after a storm event from two heavily urbanized water 
sheds at Lodi, New Jersey. 
1.5 Literature Survey 
1.5.1 Sorption Behavior of Heavy Hetals: 
Thin layer chromatography (TLC) 
TLC is a nearly 100 year -old 
technique, as Beyerinck (12) was the first to record its 
use in 18b9, when he studied the diffusion of a mixture 
of HCl and H-SO. through a thin layer of gelatin. He 
demonstrated that HCl travelled faster than H^SO> 
2 4, 
forming a ring around the latter, and used AgNO^ and 
BaCl2 solutions to visualize them. In 1898 wijsman (13) 
showed the presence of two enzymes in malt diastase by 
using gelatin layer containing starch and a flourescent 
bacteria obtained from sea water. He was first to 
introduce the flourescence phenomenon for detecting the 
zone on thin layers. In 1938 Izmailov and Schraiber (14) 
developed a method called "drop chromatography" to 
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separate certain medicinal compounds on a binder - free 
horizontal thin layer of alumina. Meinhard and Hall 
2+ 2+ (15), in 1949, separated Fe from Zn on microscope 
slides coated with a mixture of alumina and starch. TLC, 
as presently known, recieved powerful stimulus through 
the work of Kirchner and his associates (16-18), who 
used sorbents bound to the glass plates with the help of 
a binder. The plates (termed chromostrips) were 
developed by ascending technique. Stahl, in the 1950s', 
introduced the term "thin-layer chromatography" for the 
first. His major contribution (19,20) was the 
standardization of materials, procedvures and 
nomenclature. He described an ingenious and practical 
device for preparing layers. Krichner (21) Heftmann 
(22), Stahl (23) and Pellick (24) .have systematically 
reviewed the history of TLC. 
Thin layer chromatography (TLC) is currently 
enjoying wide popularity as a rapid, inexpensive, simple 
and versatile separation technique. It has always been 
recognized as a practical and effective means for 
purifying materials for further instrumental analysis. 
Its distinct advantage over gas chromatography has been 
its applicability to non volatile and thermally unstable 
samples, in addition to its capability of handling a 
large number of samples simultaneously. As compared to 
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paper chromatography, TLC is generally faster, more 
sensitive, gives a better resolution, and has a higher 
sample loading capacity. Moi^  eover thin layer plates are 
stable against strong solvents and Color- detecting 
agents. Some of the most striking and recent 
applications of TLC include the determination of selenium 
in food stuffs (25), rare earths in monazite sand (26), 
total heavy metals in industrial and waste waters (27), 
alkali metal compounds in the presence of organic 
substances (28), Ortho-and polyphosphates in soft drinks 
(29) and identification of various ionic forms of 
molybdenum in HCl solution (30) and of perchlorates in 
explosive residues (31) , separation of anions as 
counterions of metal- diantipyrilmethane cationic 
complexes and diantipyrilmethane cations (32), 
identification and separation of metal ions in human 
placenta (33) and in wool meterials (34). Some important 
separations (35-38) such as Zr-HF, Pb-Bi, Hg-Se-Te, Fe-
Cu-Ni-Zn, Mo-W-V, Re-Se-Ga-Mo-pt, In-Ga, etc, and those 
involving the separation of microgram quantities of one 
element from milligram quantities of another, have also 
been developed (39-40). TLC separation of different 
polycyclic hydrocarbons (41), dyes (42-45), ascorbic 
acid (46), anionic, nonionic and cationic surfactants in 
water or wastes water (47) are of great interest in 
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addition to its use as an aid to pharmacists (48-55). 
The semiquantitative as well as quantitative 
applications of TLC in the determination of numerous 
mycotoxins (56), Vitamin D in human milk (57), Vitamin 
B,» in Veterinary oral solutions (58), Citrinin in corn 
and barley (59), water soluble vitamins (60), flavins 
(61), Vitamin E (62), provitamin A in friuts and 
vegetables (63), aromatic amines in urine (64), 
hydrocarbons in heavy oils (65,66) have widen its scope. 
The application of HPTLC to examination of writing inks 
for forensic analysis (67) is one of the examples of 
current interest. 
The work carried out on TLC of cations and anions 
in recent past is summarized in Table 1.2 and 1.3 
Chromatographic process can be classified 
according to the type of equilibration process involved, 
which is governed by the type of stationary phase. 
Various base of equilibration are: (i) Sorption 
(ii) solubility (iii) ion exchange and (iv) pore 
penetration. Fig. 1.1. represents the classification of 
c hromatography. 
In thin layer chromatography (Sorption 
chromatography), the stationary phase is a surface 
NATUREOF NATUftC Of SCPARATCN PHYSICAL CHROMATOGRAPHIC METHOD 
MOBILE STATlOHAm MCCHANISM ARRANOC-
PHASe PHASE MCNT 
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CKromatograpKy 
rCas 
Chromatogra-
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Liquid 
Chromato-
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(-Liquid 
Solid 
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Bonded' 
Liquid 
Partition — Cftlurttri — Cos Liquid Chromatography 
(gU) 
AdsorpHon- Column 
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Gas Solid Chromatography 
(g«c) 
rColumn - Clasflcal Liquid-Liquid Chromatography 
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•Planor 
("Column 
•Solid — 
(lie) 
Thin Lay»r Chromatography 
(Uc) 
High P*rformanc« Liquid Chromatography 
•-Plonof - H;gh Ptrlcrmonci Thin Lay«r Chromotography 
Ihptic) 
r Classical Liquld-Solld Chromatography (Isc) 
rColumn-i 
1 •• High P»r<ormanct Liquid Chromalcgrophy (hpic) 
I r Thin Laytr ChrOmalogrophy (tic) 
j- High Ptrformanct Liquid Chromatography (hplc) 
Paptr Chromotogrophy ( hplc) 
Ion - Column- Ion-Exchange Chromotogrophy ( I t c ) 
Ex chong* 
Exclusion- Column- Exclusion Chromatography ( t c ) 
or G«l Permeation Chromatography (gpe) 
Fig.l - Classification of chromatographic systems 
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active granular solid supported on an inert plate. Silica 
gel has been the most common stationary phase. Other 
commonly used adsorbents are alumina/ magnesia and organic 
polymers. To promote better adhesion and to give better 
mechanical strength to the layer material on TLC plate, a 
binder such as calcium sulfate (5-10% by weight) is also 
mixed with the powder. At the surface of silica gel, the 
free valancies of the oxygen are connected either with 
hydrogen (Si-OH) or with another silicon atom (Si-O-Si). 
The silanol group represent adsorption active surface 
centre that are able to interact with solute molecules. 
The slightly acidic silanol groups are considered to be 
important in separation, siloxane bonds, to have little or 
no influence. The most acidic ones, located on adjacent 
silicon atoms with intramolecular hydrogen bonding, often 
lead to undersirable chromatographic effects, such as 
chemisorption and peak failing. Often a polar modifier, 
such as water, is added to the adsorbent in order to 
deactivate the strongest adsorption sites. 
Alumina or aluminium oxide is also generally used 
as sorbent. It is basic in nature and more reactive than 
silica gel. 
Cellulose can be used as sorbent in TLC when it is 
convenient to perform a given paper chromatographic 
separation by TLC in order to decrease the time required 
for the separation and increase the sensitivity of 
detection. 
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The optimum conditions for the separations in 
chromatoyraphic procedures are yeilded through mutual 
harmonization of the stationary and mobile phases. The 
physical and chemical characterization of compounds 
determine the degree to which a pair can interact with 
each other. This is true for mobile phase-solute, solute-
sorbent and mobile phase-sorbent interactions. 
Some important characteristics of TLC are: 
a) Intramolecular forces, which hold neutral 
molecules together in the liquid or solid state. 
b) Inductive forces, which exists when a chemical 
bond has a permanent dipolemoment associated with 
it (e.g. C-Cl or C-NO_ group) affect interaction. 
under the influence of this, the electrons of an 
adjacent atom, group or molecule are polarized so 
as to give an induced dipole moment. 
c) Hydrogen bonding, makes a strong contribution in 
adsorptive energies between solute and solvents 
having a proton donar group and a nucleophilic 
polar surface such as that of alumina or silica 
gel. 
d) Charge transfer, between components of the mobile 
phase and the sorbent can also take place to form 
a complex of the type S A~ (S=solute or solvent 
and A = Surface site of sorbent). 
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e) Covalent bond, can be formed between solute and/or 
the mobile phase and the sorbent. 
In TLC, compounds are identified by their R„ 
values. Sometimes a reference substance, chemically 
similar to the sample, is run simultaneously alongside the 
sample and relative migration rates are obtained by 
comparison. 
Distance of solute motion 
^F Distance of solvent motion 
Values of R„ are more difficult to reproduce in 
r 
TLC because there are more experimental variables. R„ 
values are influenced by the following factors. 
i) The activity of the adsorbent and its thickness 
and uniformity, 
ii) The temperature of the apparatus, 
iii) The nature of the adsorbent (its chemical nature, 
particle size, surface area and binder). 
iv) The nature of the mobile phase (its purity, 
percision of mixing, moisture content and 
volatility. 
v) The amount of sample used. 
vi) The vapour - pressure equilibrium between plate 
and the development chamber atmosphere. 
10 
U 
8 
u 
0) 
0) 
to 
+J 
c 
(U 
E 
E 
O 
u 
(0 
<U 
•H 
O 
2 
21 
0 0 
V£> 
1 U-l 
•H 0 
» 4J 
0) £ C C 
e o Rj 0 
•H 3 .H 
+) n cr4J 
r-i (0 
en U H 
C C o (0 
^ - N 
> 
H 
^^ 
In 
X 
•H d o a -0 
C VJ CO 0) 
0 1 m 
•H - i n 
•P C CN 0) 
•r^ -r^ . > 
•0 e a-H 
c e -p 
O O <U (C 
U ro +J +J 
M 
0) 
•P 
(0 
> 
1 
"r 
o — Cu cr> 
n #• 
a : rH 
1 
1-1 O 
U r-i 
• E — 
c (0 
^^  
> 
H 
— » 
V4 
tsi 
as 
vo 
0) 
£ 
+J 
U-l 
0 
C 0) 
0 £ 
«J -H +> 
O -P 
•H (0 >«-l 
i-i m 0 
-H (0 
n Qj to 
0) O 
c M-i m -H 
0 
• H 
4J 
n) 
£ 
i H 
+J 
0) 
0> 
c 
< 
-H 
u 
x 
ac 
n 
1 
0) 
c 
0 +J 
0) n 
to £ -H 
0) -P M 
•H Q) 
•p >1+J 
n ja o 
a> (0 
• 
to 
<u 
u 
3 
4J 
X 
•H 
E 
i H 
0 
u 
04 to V4 4J 
0 iH <0 
n Q) x: 
a 0^ o 
^ 0 rM 
+J 
0) •• (T» 
0<r> 
< x*^ 
c 0 
o 
o 
0 
1 
•H 0 
e u (0 C 
X 0) 
0) 9 
i H 
* « H 
B C 
0 -H 
CM m 
rH 0 
1 
H C 
.H 0 
• H 
C -P 
3 ns 
« c 
to iw 
c 0 
0 
•H O 
+J -H 
3 -P 
iH (0 
0 U 
m • 
c U 0) 
<1> U 
«M C 
iw 0 
3 O 
(Q —' 
C 
0 O 
•H 
c x: 0 a 
•H flj 
•P V4 
(0 D^  
B O H-i 
u +> 
0 m 
«H e 
0 
X M 
0) x: 
rH O 
a 
0 
u 3 
0 
•H 
> 
10 
e Q) x: 
0 X! 0) 
U -P XI 
OJ 
• • 
r-l 
+) i H 
m (0 
o 
-p 
-o 
• H 
o Id 
• 
to 
c 0 
•H 
o 
•H 
c (t) 
0 1 
u 0 
c 
•H 
i H 
r~ 
1 
m +j 
•H 
t-t to 
(tJ ' H • 
3 to m 
cr > i C 
H 0 
» (tJ -H 
e c U «tJ iH 
m 
^ 0 -P 
H > OJ 
•H e 
C -P 
3 It] U-i 
PS +J 0 
O 1 
•H tU 
+) C 
0 -H 1 
O 13 in 
(tJ -H » 
H IN 
rH >, I 
0) 
c 
CnrH 
u c u 
tU -H EC 
> i C 1 
itJ C -H Z i n 
in rH 0 nJ n » 
• 
i H 
• • 
o 
0 en 
•H 
08 QjrH "O 
•H 1 U 
O -0 K 
nj -H 
rH 0 Z 
c 
•• 
<n 
•• 
lO o 
X CM 
44 -P CM 
n m c -0 (u £ 0 c x: 0) 
a to u It) -P c 
a - H O 
D rH 0) rH ^ -H 
rH M 0 TJ 
» (1) 3 C TJ C 
- ^ ^ +J rt 0) (« 
> X 4J X X 
Q) iH \ M-l -H 3 -H Q) 
O ItJ VO £ ^^  > 0 e XI E x: 
c 
o 
to 
itj 
x: 
04 
> 1 
>H 
Its 
c 
o 
•H 
+J 
It) 
+) 
to 
Its 
x: 
tu 
N tl) 
tP 
O 
•a 
o 
0) 
to 
o 
to 
(0 
<u u 
rH -H 
U rH 
•H -H 
•P to 
U 
It) "O 
04 C 
Its 
c 
0) E 
E 3 
» i n PS 
rH CM ac 
U o o 
CO 
0) 
Its 
o 
•H 
rH 
•H 
tfl 
> i X 
J= (U 
•p > 
fl) 0 
E D 
> i 
X -0 
0 C 
X I ItJ 
v^  
-^^  E VH 
0 
MH 
10 tU+ 
u to 
^ 0 
E rH 
3 3 
•H rH 
t ) rH 
0 tu CO O 
Its 
z 
-^^  
^ 
X 
o i n 
(U 
to 
0 
r-i 
3 
rH 
r-i 
tl) 
O 
^^ 
PS 
% M ^ 
rH 
0) 
o 
• H 
> 
< 
tl) 
to 
0 
rH 
3 
rH 
rH 
(1) 
O 
1 
i 
-—N 
i H 
•• 
r-\ 
>.^  
o 
o 
CO 
rH 
It) 
+> 
0) 
s 
to 
rH 
It) 
•P 
tl) 
E 
C 
o 
•rl 
+J 
•H 
to 
c 
It) 
>H 
EH 
O 
u 
•o 
c 
Its 
u z 
en o 
33 U 
x> c 
04 S 
en C 
fH 3 
EH U 
c -o t ^ 
^ 
a 
* C XI 
s ^
 0 
u ^
 
• H 
z % 
tu 
b 
04 
^ 3 
U 
^ 
• H 
CQ 
V 
CP 
w 
CM 
EH 
o 
u 
(0 
0) 
u 
c 4) 
U 
4) 
•M 
0) 
B: 
(0 
-p 
c (U 
g 
a 0 
u 
0) 
(0 
10 
a 04 
0) 
rH 
•H 
^ 
0 
s 
0) 
(0 
10 
J3 
Ck4 
> 1 
u Id 
c 
o 
•H 
+3 
« 
+ i 
CO 
m 
•H 
Id 
+> 0) 
S 
(N 
P» 
(0 
C 
0 
1 
rH iH 
Id > . 
4J O 
0) 
H 
a, 
3 o 
CO 
rO 
e rH T> 
Id 
0 
C +J 
0 H 
•H S 
+J 
Id u 
U h^ 
Id H 
04 
•rH 
o 
Id 
o 
•H 
g 
o X 
o 
u 
xi 
+J 
c 0) 
en 
Id 
en 
c 
<U > i > i H 
CO X» J3 
ac 
s: 
H 1 
G rH rH 
<d 0 g X C rH 
0 Id •• U CUf-i 
•o 0 g 
X 
1 , 
-H r^ 
o 
Id 
o 
•H 
o 
c Id 
4J 
3 
C X) 
Id 
X 0 
1 
C 
1 
U r-i 
> i H OV TS 
a Qta\ 
0 
rH (0 •• 
o 
> i C 
x: CJ>r-l 
> i H r O 
O 1 i n 
•H -a rH 
r H - H • Id o o 
(0 Id 
o 
<-i 
0) 
tp 
Id 
o 
•H 
rH 
•H 
CO 
H 
> 
0) 
V 
0 
U D 
H % 
3 O 
o s 
^^  
Id 
Q* 
> i 0 
u 
•H 
rH 
Id 
(0 
U 
a 
o 01 
•H 
5 
1 
§ 
0) 
H 
> 1 
s 
1 
• • 
rH 
g O 
• • 
r-i 
g ID 
CM 
• • 
tn 
>1f^ 
5 
Q) 
rH 
3 
2 H 
0) 
i n 
r-i 
• 
—» 
r-t 
g 
o O H 
.^^  
>-i 
• • 
r-i 
g O o 
a (N 
m 
t^ 
C 1 
M M 
» Qi 
0) V 
3 10 
-rl O 
C > 
J 5 - r l 
(D U H 
•-{ ^ 
OT 0) D 
C n 
•H >W 
- 0 * 0 
v i e 
O 0 
CQ m -H 
<: rH +J 
^ 
o 04 
m 
X 
S CM 
o 
• 
rH 
g 
U 
0 
0) (M 
OS 
0 0) 
H 4J 
3 Id 
•H X! 
rH Ql 
4) n 
O 0 
1 Si 
u cu 
u c 
Q -H 
c 
^ o * 
> U D 3 
w o 0 « 
M CM S 
O 
* * C 
H > «, 
H ^ 3 
>H 
>^ 
> 
H > U H 
> - ^ % ^ U rA -H 
s . ^ 
u <z> 
1 * 
r^  
z 
3 
U 
H Cn (U T J 
0) «< -a 
3 H 
Cr>W MH 
•H 0 rH 
c 
o o 
fl) H 
+J -p 
(d 
C P U 
3 
(0 
c 
0) 
C -H Ci4 
•rH IH 
•O rH -O 
C +J 
0) C 
U V 
to TJ 
c 
c Id 
0) 
w 0 
0) 
•H 
M 
M 
0) 
> H 
(0 
IH 
0 
c 
0 
>,ri 
04 -P 
0 
O 
Id H 
Id 
O £ ! 
<J -H U 
< 
EH 
Q 
U 
S 
rH 
o 
• 
o 
1 
0) 0) 
•P (0 
Id 0 
rH rH 
0) 3 
X ! ' H 
o ^ 
0) 
XJ O 
0) 
•H O 
>W •H 
1 
U 
o N 
Id 
cr 
G 
•H 
C 
•H 
Id 
•H g 4J 
TJ M 
0 O S MH 
3 
O 
•H 
0 
u % 
01 
< 
^ 0) 
CC4 
o 
(0 
a 
3 
0 
u 
cr (1) 
C 
•H 
g 
Id 
a -o 
o o O X! 
Id 
M 
Id 
04 
9) 
U) 
(U 
c! 
•H 
g 
Id 
T3 
0 
Si 
u 
Id 
N 
Id 
i n 
r» 
c 
D> • H I n iM • 
c Id 0 c a; 0) 
•iH -P >H 0 tf 
-d C rH • H O ) 
iH 0 ) 0 3 i : - P x : ' 0 
i d H U t 0 4 J i d - P C 
O > T H • H M Id 
0) X) C ^ ^ 4J C 
u 0 0 0 c o s g •H -O (1) 
M j J O H O rH 0 
C >M -H -H O C O S 
oooirHidoaa -
•rH 0 O 0 > •P -P 4 > i O U 
I d O g O - H + J O U H 
a> Q) 0 -ri H c 0 
•rH t4H U rH O 0) B 
4J <iH Id > i M o m 
( o v v m o v i d O ) 
0) 0) •H iM Z 3 
> 0) Id O H MH •-* 
C J 3 ^ c i d - H m i d 
H 4J 04 -H (0 13 0 > 
01 
c 
01 C 0 
C rH -H 
O -P 
•H 01 Id 
•P -O H 
O 3 ^ H +J 
•H rH O C 
•o o Id <u 
•rH 01 O 
o o c 
Id 0) -H 0 
C rH O 
- • rH O 
O r-i > , + » 
•H Id O C 
rH A ; -H 4) 
0 rH rH M 
x : Id Id 4) 
0 01 IM 
O -O "4H 
rH C >W -H 
< Id o -o 
Id 
c 
•H 
g 3 rH 
< 
4) 
o:: 
s % 
0 
s % 
> 
22 
o 
c 
0) 
M 
M-l 
0) 
(0 
•P 
c 
I 
e 
o 
u 
0) 
(0 
<o 
0) 
i H 
J3 
O 
s 
Q) 
(0 
(0 
J3 
0^ 
> i 
M 
(0 
C 
o 
•H 
(d 
CO 
c 
0) 
04 
o 
0) 
> 
0) 
e o 
o +1 
H IT) 
c 
3 -P 
(0 
o 
•H 
M 
(0 
M O M 
(0 0) 0) t7> 
M 
0) 10 
-d o fl 
(0 u) 
0) U 
M 3 
10 -P 
c 
> 1 
M 
rO 
> 
•H 
C (0 
10 -d 
•H -H M O 
o m 
I ' ^ 
a ; cNj 
33 • • 
in 
<-{ n 
•0 x: 
O O 
rH (0 
•H 4J 
CO (O 
c 
3 
O 
0) C 
3 O 
C T H 
•H 4J 
C 10 
x: c 
0) g 
+J M 
0) 
CPJJ 
C 0) 
• H - d 
c ^ 
0) g 
u o 
(0 
o 
> 1 
J3 
I 
<0 
M 
<0 
04 
T3 * <U 
U 0} (0 
•H 
M-l (Q U 
O >i*J 
H H 
0) rO 
c 
(0 
x: 
•H 
C 
o 
•H -O 
Q44J 0) 
(0 C 
C > H 
•H -H ja 
c o o 
Nl (0 O 
u 
o 
o 
c 
(0 '-
Q 4 0 
0 H 
u •• 
1 - ^ 
c 
•d 
> i C 
>^  10 
(0 
C rH 
•H U 
PQ a 
o 
c 
<0 
+J 
3 
ja 
I 
c 
0) 
o 
CO 
0) H 
- d - H 
(0 O 
g "W 
> 1 
•d 0) 
(0 (Q 
0) 0 
« rH 
(0 
rH 
(0 
•P 
(U 
s 
X3 
On 
rH 
< 
3 
U 
^ 
c 
^3 
% 0) 
(X4 
c 
^3 
% 
0 
CO 
OO 
C 
3 <*-• 
M 0 
^ >n 
0) -P 
3 H 
C T H 
• H H 
C X » 
n o 
O g 
0) 
^ «• 
g 
O) O 
c 
•ri i n 
no • 
C f^ 
Q) I 
o in 
(0 • 
<; vo 
V 
O (0 
H O 
g r H 
3 
C! H 
O rH 
as 
O 
H 0) 
C 
H rH 
10 
+ J r H 
a> (0 
g-p 
o 
rH (n-» 
S •• O r H 
00 o 2 •• 
I rH B O 
H » rH 
0) in S -
J 3 " O rH 
4J O rH •• 
tt) H I i n 
I •• H » 
H O I H 
O -H rH . . 
C - ' O ro 
<o c ^ 
si tnro rH 
+J O -P •• 
0) Z 3 rH 
S K J3 - ' § 
rO 
+» 
n 0) 
•d 
c 
10 0) 
0) 
o 
•rH 
> 
(0 
o 
c 
•H 
g 
- o 
3 I 
croo 
•H 
M 
3 
O V 
•H J : 
> +> 
(0 
JC C 
0) H 
c 
X! 
o 
0) 
C7> o 
C O 
U (0 
•H rH 
J3 (0 
Q.-t-> (0 0) 
U M g 
Di 
O 0) 
•H r» +J rH 
T3 
C 
0) 
o 
c 
H 
> i lOrH 
W OrH 
O rH (0 
O 3 -P 3 
M rH m rH 
O r H >irHCL4 
•r4 0) VH (UCO 
S o o oa; 
rO Si 
g O 
O4 O C 
g >H 
10 0) 13 >M 
< 4J O O 
-d 
c 
«0 
i 3 O4 (0 (0 VI § CP O 
+J -p 
(0 (0 
> n g 
u) o 
M 
4) x: 
-d o 
O Q) • 
H O 4 U 
X! fO J 
O Q 4 H 
U 
<0 
4J 
(0 
c 
•H 
u 
as 
JP 
o 
rH 
I 
in 
0) 
C 
O 
•P r H 
Q) U 
j<; a 
rH 3 
x; 
4J C 
Q) -H 
rH r-i 
i : -H 
•P a 
0) 
g 
M 
O 
I . 
O + I 
M E-i 3 
O hj rH 
•H H 
g 0) 0) 
C O 
Q) -H W 
to ,H -d » i 
O rH C U 
rH 10 (0 Q 
3 4J 
rH (0 rH a) 
rH > i U to 
0) M H O 
U O J rH 
0 
CO 
« 
>* 
«• Id 
J 
«» D 
« ja 
E-< 
3 
< 
^ 
-P 
04 
V 
TJ 
O4 
^ 
x: 
oi 
23 
o 
00 
c 
3 -
M M 
N 
« <M 
3 0 
O* 
•H C 
C 0 
X! H 
O P 
0) « 
•P M 
« 
C 0 
• r | (0 
•O , -
C g 
0) g 
O O 
(0 r^  
< - I 
0) 
m 0 
I I 
oi 3 
O H 
• 0 
o a 
0) 
o 
u <o 
w -d 
Q 0) 
O 0) 
•p 
D (0 
X : H 
H 3 
(0 
s: 
o 
•rl 
g o 
O ^ O CO 
C O • cN 
O to H 3 5 
•rl CM I 
3 ' ' I ' O H 
rH S • • 
O Z 0 0 
n -^» 
c 
O 0) 
•H M 
o s 
CO O 
CM • 
K CM 4J (fl 
c 
-H 
O 
n 
o g 
r-t U 
3 O 
0) O 
o+> 
I « 
^ 3 Q n 
u 
En 
X 
n 
0) 
u 
c 
u 
0) 
0) 
+> 
c 
0) 
o 
U 
(U 
(0 
Q) 
iH 
•H 
XI 
O 
s 
0) 
0) 
nt 
x: 
CM 
>1 
u 
(0 
c 
o 
•H 
+> 
10 
4J 
CO 
CO 
c 
(D "i 3 3 
Of C 
x: 
O 
U 
C EH 
•rl 
•O -
C E 
Q) U 
O 
to r-
I 
u u 
n 
c c 
O ' H 
•H 
0) 
rH tn 
(0 O 
<1> 3 
EH 
a) 
E 
0) 
+> 
(0 
»w 0) 3 
O O 0) 
O 
W 
CM 
«H O (0 
o cn 0) 
Id S h C 
c 
O TJ 
•M C 
3 
M-l Id 
+J 
M-l (0 
O C 
o 
rH • * • O 
o o o 
mm c-P s 
•O'-^ o 0) in 
(!) ^ ^ CM 
X ac 0) o 
•H z £ m • 
S w +> -H O 
c 
•H 
0) O 
o 
r-l 0> 
3 + ) 
•H (0 
rH M-l 
© f-l 
O 3 
I m 
M 
Ki: 0) 
Q +> 
CM 
00 
C M-l 
3 O 
U 
c 
* o 
0) -H 
3 +» 
•H C 
C -H 
€g 
0) 0) 
(0 
c 
•H » 
•o c 
C -rl 
0) E 
o 
to o 
M-l 
O C 
O 
> i ' H 
4J -P 
•rl 3 
U iH 
Ui 0) 
rH 0) 
s 
• H E 
E O 
0) V4 
x: £ 
u o 
o o 
•rl -H 
Id (0 
M-l 
o 
m u 
c -H 
c 
10 
Oi 
o 
c 
•H 
+> 
3 
rH 
O 
to 
to m 
3 3 
o o to 
0) -H 4J 
3 H rH 
U" (0 (0 
i< > to 
0) 
GO 
I 
•H > 
MH 
•H <0 
+J C 
•H 
e 
+) 
<0 
• H 
0) C 
3 0) 
CT'O S MH 
•rl -H » O 
£ • 0 2 m 
S 10 0) 0) 
+J « > i 
C (0 
tJ> O MH rH 
C - H O 
•O ro 
C M O 
a) (0 -rl 
u a-P 
to (1) 10 
«; to o 
CO 
c 
0 
c 
•H 
x: 
+j 
c 
a 
(0 
u 
*i 
a) c 
O <0 (0 
c 
O r H 
O (0 
k4 
to 0) 
3 C 
O -H 
•H E ^ 
Vi U 
lO MH lO 
> o o 
to 
•d 
•H 
o 
o 
•H 
s 
• 0 
•O 10 
C E C "0 
10 > i 10 C 
•0 E (0 
rH (0 +> 
O (U to rH 
CP M (0 V£> 
W O 
rH (0 ' - ' VD 
(0 C 
o -H tn >; - ^ 
•H E rH lO O) 
H 3 -H "O VO 
•H iH 0 0 O 
(0 lO MH ^ VO 
•0 
<u 
+i 
<0 
0) 
M 
+J 
•0 
O ' H 
•rl O 
E <0 
0 
• P X ! 
lO -P 
-A-M 
a ^ 
o 
•H 
M 
O 
(O 
(0 
0) •H 
to - d 
O 0) 
r H r H E 
10 3 
W r H -rl 
S 0) U 
U <0 
MH I 
°^ 
M O 
3 W _ 
O H rH 
•H U .C 
> W O 
«J O 
x: c M 
<D O "O 
•Q >? 
o c 
i J O C 
E-l-rl •rl 
•rl 
O 
(0 
o 
•H - » 
+> <J^  
0) rH 
0 " 
«o -* 
1 "* 
rH M 
O •• 
5C rH 
S r H 
O •• 
• r-i 
VD --^ 
0) 
to 
O 0) 
r H - O 
3 - H 
rH M 
rH O 
0) rH 
0 JC 
1 O 
10 
r^ 0) 
ox: 
•p 
o c 
E 
U 
o 
U •H UH 
in 
00 
c to 
3 C 
U O 
•H 
0) rH 
3 <0 
cr-p 
x: 
MH 
o 
en 1-3 
C EH 
^ 
I 
C 
(0 
x: 
o 
X 
0) 
•p 
c c 
O 4) 
•rl > 
rH 
o 0 
•rl to 
C -
CP fl) 
M X 
C E 
0) O 
O 
to i-i 
•H 
E • 
(ft 
C E 
•H 9 
u to 
0) > i 
en to 
•P U 
c s 
0) 
> a> 
c 
•H 
c 
•H 
O (0 
o 
to 
+>
c 
o en o 
u 
O to n 
X 
E O 0) Z 
CO 
>1»H 
to o 
0) 
+J 
(0 
c 
0) 
to 
u 
10 
o 
•H 
c 
cn 
24 
00 
s 
I 
rH 
>1 
+> 
o c 
0 - r l 
10 C 
u o 
4J.H 
0) -P 
+J 3 
s 
CM 
o 
I 
£ 
o 
en 
O 
I -H 
•H q^ 
rH 
• W S 
3 M 
C • 
0) t^ 
0) x: 
c -p 
lO -rl 
X ^ 
<u 
x: TJ 
o 0) 
rH +J 
U 10 
> i M 
o XI 
c 
o 
•H 
4J 
3 
rH 
O 
CO 
o 
MH -
3 ' -
•rICO 4J 
to CO -H 
0) 
CO 
fl) -P O 
CO-H 
O r H 
10 
> 
10 
Id z 
H - r t 
3 1-3 
+» 
10 S 
CO > i ID ^ 
to 
t-i 
10 
+J 
0) 
s 
c 
o 
•rl 
.P 
•H tn 
to rH 
C 10 
<0 4-> 
i^ 
rt: 
^ 
^~^ 
H 
> 
v-' 
M 
u 
rH 
i n 
> 
^ 
? 
0 
s N 
d) 
en 
C "O 
0 C 
•H lO 
HJ 
•rl Q 
tn rH 
§5 
M 0 ) . H 
H E CQ 
c to 
O " O r H 
•H C 10 
H-> to -P 
•rl m fl) 
to f^ E 
C <0 
(0 4J C 
M Q) 0 
EH £ C 
D 
« 
0) 
Pl4 
% 
X) 
cu % 
•rl 
z 
0) 
o 
c 0) 
u 0) 
tM 
0) 
(x: 
(0 
4J 
c 0) 
E 
e 0 
u 
<u (0 
m £ 
cu 
0) 
iH 
•H 
£i 
0 
s 
0) 
(0 
10 
x: 
cu 
>1 
V4 
to 
c 0 
•H 
•p 
10 
+J 
CO 
CO 
i-l 
10 
4J 
0) 
s 
r-
00 
+> CO U 
* ^ E-" 
0) -H 
3 rH V 
-H 3 B 
c t r 
£ 0) i n 
g ' ^ 
+> Q) C 
M 3 
CT> a M 
c 
•H H * 
•c Q) j : : 
o «o n 
to x: 0 
< U l H 
c 
CM <U 
• u 
m H 0) 
3 -H l ^ O -O >W 
(1) C -H 
a (0 T) 
cr (0 VD C 
» - H 
M-l iH 
0 - - r H 
U 
to rH rc 0) O 
U CQ 
3 «0 C 
4J x : ro 
X -P 
•H Q) ^~ 
s e s 
0) 
1 to 
O 0 
•rj 3 
e rH 
«0 rH 
rH (U 
>1 O 
42 
+J .H 
0) >1 
•H £ 
U +> 
tH <U 
c 
0 
•H 
+> 
•H (0 
n i-i 
C (0 
<0 4-> 
^ S . 
o 
lO 
0^ 
^ 
0 
c 
•H 
M-l 
0 
c 0 
•H 
•p 
(0 
M . 
(0 (0 
a c 0) 0 
m -H 
0 
•H 
JJ 
(0 
M 
00 
00 
c 
3 
V4 
^ 
0) 
3 
t r 
CO 
C 
0 
•rl 
•;3 
•H +J 
c 
x: 
o 
0) 
E 
(1) «M 
+) 0 
Cnu 
C J 
•H 
•0 
c (1) 
u 
in 
< 
rH 
> l 
EH 
^ 
g 
0 
?^ 
c 0 
•H 
+) (0 
M 
(0 
04 
(U 
CO 
0) 
> 
•H 
+J 
10 
+> 
•H 
•p 
rH 
<0 
0) 
B 
CO 
3 
s 
0) 
e 3 
c 
E 
0 
U 
UH 
• 
C D CO 
10 c 3 »H 0 
0 ' O - H 
n 
x: o 
+J Z 
S2 
e •H 
•0 
tH 
0 
0) 
u 3 
K 
• 0 
c 
«0 
0 
-0 
•H 
X 
o 
+> «H 
X rH 
•H 
s 
o 
•H 
c 
g 
+> CO 
0 
•H 
•H 
3 
CO 
0) 
+J 
)0 
c 0 
e 
-H 
+> § 
CO 
CD rH 
C 
10 
M 
EH 
(0 
+J 
0) 
g 
<-^  
s 
r>j 
rH 
•0 
c (0 
vo 
^ 
n 
Cf» 
00 
« 
0) 
3 
t r 
•H 
c 
x: 
o 0) 
+> 
o^ 
c 
•H 
XJ 
c 0) 
o CO 
< 
1 
r-i 
u tc 
• 
o 
c 0 
S' 
0) 
c 0 
+J 
0) 
o 
< 
0) 
c 
•rl 
rH 
10 
+) CO 
>1 
u V 
0 
Vl 
o 
•H 
s 
3 
u 
0 
u ^
 
c 
s ^
 
•H 
z 
e 
o 
o 
c 
3 
'-^ 
r-
•• 
00 
• • 
i n 
00 
—' 
u 
o 
+) 
1 
a) CO 
0 
t-i 
3 
rH 
r-i 
<u 
o 
u 
< 
^ 
c 
a^ 
^ 
<u 
EM 
^ 
0 
u ^
 
c 
s ^ 
H 
z 
I4H 
o 
c 0 
•H 
4J 
fl 
u (0 
CL 
(U 
in 
• 
c IS] 
•0 
c (0 
(U 
b 
^ 
3 
U 
o 
at 
•P UH 
(0 0 
+J c 
C 0 
<0 -H 
E -P 
04 (0 
0 H 
rH A 
(U Oi 
> 0) 
(U CO 
•o 
u <U 0 
- P r H 
• CO 
c 0 
•H 
0 
•H 
c (0 
cn 
V4 
•0 +10 
r-< O 
04 fO 
a * O ' -(0 n 
z •• 00 
dP >—' 
rH 
1 C 
rH 0 
0 . H 
C +> 
10 3 
X: rH 
c 
-H 
w 0 *—^  
flj <-{ 
z 
dP 
rH 
1 
rH 
0 
c 10 
x: 
+> 0 -P 
M CO 
1 
(U < 
H EH 
O 4 Q 
E U 
•H 
X! 
rH 4J 
(U -H 
01 ^ 
10 -O 
U <U 
•rl 4J 
>-* C0 
•H C 
Vi D> 
•0 ^ 
^ ^ 
tp-^^ 
< H 
3 )H 
U EH 
0) 
• 1 
CM 
S » ^ 
C 
0 
•H 
+> 3 
rH 
0 
to 
r-< 
a\ 
^ 
c « 
•H "0 
E O 4 
^ 
fl) 0 ^ 
3 cvj « 
C » CT> 
•H <U 3 C 
C E « -H 
x: T I H 
0 -P »w 
<U 0 > i . 
•P +) X3 > i 
c c u en fl) 0 3 -P 
C E -H < (1) 
•H a -p E 
"0 0 10 "O -H 
C rH 3 C H 
(U 0) rH (0 0 
U > fO rH 
CO (U > 4J 0 
< -0 fl) 04 0 
0) 
c 
0 H - - ^ 
•P >iCM 00 
0 £ •• •• 
 + J n H 
(Q m ^^ ^ 
rH 1 Q) rH 0) 
0 0) C > i C 
s: c 0 s: 0 
0 0 +> -P +> 
U -P 0) 0) 0) 
rH o> >; E >s 
m 0 1 (0 i-i i-t r-i 
rH > i 0 > i 
>1 » - P C 4J 
+J ' ^ 3 <0 3 
3 o i x j x: 42 
CQ .. 0 -P 0 
1 rH CO Q) CO 
•P >•' •H E -H 
0 
rH 
(U 
cr> 
(0 
0 
•H 
rH 
-H 
CO 
3 
+> 
O4 
X) 
04 
% 
x: K 
^ 
3 
0 : 
25 
CM 
0) 
rH 
Si 
(0 
B 
O 
U 
(0 
0 
c 
0) 
0) 
M-l 
Q) 
Oi 
26 
(0 
c 
0) 
B 
B 
O 
u 
a> 
to 
(0 
(1) 
o 
s 
0) 
m (A 
si 
u 
(6 
c 
o 
+) 
«J 
+» 
CO 
U) 
+J 
(1) 
s 
CM 
a\ 
> i 0) 
-0 £ 1 -O 
3 H 3 Q) 
• l^ M .-1 H 
(0 0) 0 
Q4 (Q <0 
M 
0) M-l iQ M-l 
3 0 - H C 
cr 0 -H 
•H V4 (0 
C 3 Xl 
x: 0 0 c 0 -H -H «J 
0) > +) 
4J « (U U 
x: 0 iJ 
C7> 0) (0 £-< 
C Si 
• 
>, 
Qt 
0 
0 
m 
•r( C >1 0 
TJ (U -H J3 
c s: (1) -P 0) C 
0 - H o 
ro *H (0 -H 
< 0 C \i 
* - v 
i n 
• CM 
1 
0 
• CM 
K 
On 
v ^ 
K 
0 
0 
0 
m ffi 
U 
n 0 0 
CM -rl 
r-l +> 
< (0 
c n M-l H 
0 +J 
r « (U 0 (U 
H -H M 
3 U) 0) 
4J M-l 
X "O >H 
•H C -H 
s «a TJ 
0) 
u 
+> 0 
(1) 
CU 
ID 
m 
<JS 
< 0) EH 
e Q 
0 w (Q 
C 
»w 0 
0 
(0 
• 10 
0) 
4J 
(0 
C C r ^ 
0 0 
•H -H 
+J 
m 
u 0 (0 H 
Q4 C 
0) 10 
0) rji 
U 
U 0 
•:! C 
t^ -H 
*^-^ /—s 
a, 
Xi 
0) 
4J 
c 
m Di 
<u M 
CU 
E 
•H 
CM 
• • iH ro CO 
•• •• 
CM CO 
^—^ • w . ' 
X X 
•_< 
K 
0 
«0 
0 0 z 
«j m 
2 z 
dP dP 
iH rM 
1 1 
r-l i-H 
0 0 
c c 
dP 
rH 
1 
rH 
0 
c (0 
n) ns £ £ £ 4J 
+) +J 0) 
u u s: 
1 
•0 3 
0) rH 
Ai H 
n) (U 
c 0 
D» 
(1) TJ 
M C 
0^ (0 
£ 
•r^ «0 
0 
< -H 
H "H 
D -H 
W to 
(U 
b 
C 
s 
u 
•H 
> z 
3 0 
u u 
• 
en 
0) 
4J 
(0 
rH 
Q4 
Q) 
10 
0 
rH 
^ 
<y. 
<u 
> 
•H 
» +) (U (0 
3 -P 
cp•'^  
•H +) 
c c 
x: m 
« 
•0 
u 
E 
0 
M 
IH 
en 
s 
0 3 m 
0) C 0 
+) 
^ 
ai e 
c 0 
•H 
•0 0 
C H 
0) 
0 c to 3 
< n 
rH 
0 
X 
s 
«W rH 
0 1 
c 0 
•H 
+J 
(0 
M 
to 
a 0) (0 
f ^ 
C 0 H 
0 Z • 
•H ffi 0 
4J 
3 S 
iH rH 
0 
to « 
^ 
^ - N 
rH 
Ol** 
to 0 rH 
3 Z 
0 W 
(U 
3 -0 
<T C 
< m 
(1) 
+» to 
c t 3 <U 
0) to 
>s ^  3 to 
rH 
M-l 0 
0) -H 
>^  c 
c § 
0 +J 
Z to 
X to 
•H C 
to 0 
•H 
>1 
4J rH 
C (0 
0) 4J 
i^ 
^^ 
• 3 
u 
-0 
c to 
c tS3 
dP 
0 
rH 
^ 
13 
•M 
0 
to 
0 
•M 
n c 0 
z (0 
z 
• 
• 
•0 
•H 
0 
•0 
0 
•H 
u (0 
Q) -P 
to 
u 
u to 
(0 -P 
IT) 
a^ 
C 1 
3 M-4 to 
H 0 0 
J= 
a* 
a> u 3 0) 0) 
tfJQ w 
• H B O 
C 3 rH 
u 
•H 
M 
0 
£ c 3 x: 
0 -H (U M-l rH 
• P O O ) 
a to 
0 
0 s: 
u CPtJ C 
C H 0 
•H 
T3 » CO 
C e rH 
• Q4 (0 
•H 
C "0 
•H 
0) 
0) 
E 
0 0 (0 +J TJ 
0 -p (0 
to t^ 0 4:: 
<'-! e 
•H 
0 * 
(0 rH 
• 0 0 
•H 
n » O r H 
£ 0 
a • to 0 
0 > - ' 
x: Q4 to 
c 
to 0 • ^ 
3 - H 2 
0 -P rJ 
0) 3 
3 r H -d 
cr 0 c 
•4: to (0 
0) 
to 
£ 
a to 
0 B 
X! H 
cu 0 
«H 
0) 1 
to s 
0 
rH 0) 
3 x: 
rH +) 
rH 
a) c 
U "H 
c 
0 
•H 
4J to 
• H - H 
to (0 
5i 
•H 
0 
Qj 10 
vo 
<^  
1 
C (0 
3 2U 
M (l> 
to 
^ • 0) 0) g to 
3 > 0 C 
cr-H n 0 
-H -P «W -H 
c to 42 -P XJ .H 
0 -H ,H 10 
« 4J 0 -P 
+J C tP 0) 
(0 e 
a> 3 *w 
c cy 0 to 
•H 3 
•0 » c 0 
c e 0 M (U U -H 0) 
0 -p g 
to 0 (0 3 
r< rH H C 
0) 
x> 
•H 1 
X rH n 
0 > i O 
«H x: z 
.H 4J ffi 
3 OJ V 
•H ^ 
rH 'O •• 
>, 1 VO 
£ rH ^ ^ 
+> U rH 
0) S 0) •• 
E • O f H 
-H ^ -H - ^ 
• 0 — X 
1 rH 0 »H 
roH MH Q) 
0 •• iH +J 
Z <^ 3 CO 
K > - to ^ 
0) 
+J 
<0 
•p 
(0 
0^ 
c 3 E 
+J 0 
0 
U MH 
•H 
C f 
C X 
10 
+J C 
cn-H 
c 
2 
rH +J 
< Pn 
<UrH C 
fa EH N 
•d t7» 3 
U X < 
3 ^ (0 
r* 
<^  
• (0 
s «= 0 0
•^•-^ 
(0 U 
V J - H 
lO C 
Q4 <0 
(1) 01 
to u 
0 
0) C 
> H 
•H 
+) to 0) 
•P E 
•H 0 
rH to 
(0 
3 *H 
C 0 
i. 
1 
0) 
+) (0 ' -
+) M IT) 
Q) d) •• 
0 +> m lO <0 •• 
rH ^ ^ 
>1 1 •• 
XI "O 00 
+ > - H 
Q) 0 » 
1 to i n 
rH 
0 0 ro 
C -H •• 
to +) ^ 
•P Q) •• 
3 0 ko 
03 to ^ 
to 
0 
•H 
rH 
•H 
to 
QJ TJ 
c 0 
•H +) 
•o <o 
•H C 
3 en 
rH 0) 
0 U 
•p a* ^ 1 E u 
a»-H ^ 
CO 
c 
C 0 
fl).H 
0) 
4 J . H 
x: (0 
•H fl) 
U E 
n 
<u 0 
c 0) 
u 0) 
«M 
0) 
« 
10 
+> 
c Q) 
E 
B 
0 
U 
0) 
00 
n) £ 
PM 
0) 
r-l 
•H 
^ 
0 
s 
0) 
n (0 
£ 
CM 
> i 
U (0 
c 0 
•w 
+» (0 
+> (0 
m i - i 
m 4J 
0) 
s 
0 0 
o> 
1 
V4 Q) 
(0 
3 > 
•H +J 
c m 
j ) 4 j 
g 
0 
M-l 
H 
M 
H 
S M ^ 
01 
c 
0 
•H 
rH 
(0 
U 4J 
4J C U 
rO 
C7> 3 «w 
C CT 0 
•H 
•0 «. 
c e 0) U 
u 
n o 
rilM 
U 
a 
-
0) 
•0 
•H . 
X 01 
0 e 
>M 0) 
rH 4J 
3 (0 
01 > i 
01 
i H 
c 0 
• H 
+> (d 
M 
>i ro 
£ O 
•U Z (1) S 
E 
•H U 
D 0 
(0 
c 0) 
0) 
M 
to 
O 
•H 
C 
c 
« 
+> 09 
1 
00. 
c 0 
i H 
+> 
•H 01 
m rH 
C n} (d 4J 
EH 6 
(U 
£ 
01 
3 
0 
V4 
(U 
£ 
3 
C 
<y> 
<T1 
0} 
c 0 
flJ+J 
3 10 
U 01 
0) 
4J 0) 
> 
cn-H 
C +J 
•H 10 
•0 +J 
C - H 
0) r-l 
U 10 
to 3 
< cr 
(1) 
c 
•O 0 
•H +) 
U 0) 
m o 
<o U 1 
•H rH 
+> O (U x: 
1 
0 , 01 tj 
•H 
, 
-^« 
H 
• • 
^ 
• • 
n 
•• 
O 0 H 
fO O 
1 rH 
rH (0 
0 
C '-t 
•• 
vo 
«-* 
M (0 >i (U 
+) x: +» 
3 4J 
ta 0) 
1 
en 0) 1 
U -H 
Qt tH 
i5 
^ 
o 
g >14J 
•rl Q) 01 
rH x: 
0) p 
D>.H 
» (0 
O -0 
•H (!) 
rH *i 
O i 
c 3 
+> 
g 3 
•H 
c 
•rl <0 -H 
W C TJ 
rH » 
* z 
(^ 0 
« U 
t7» » 
S 0) 
» fa CP ^ 
< — 
» > 
3 w 
U > c N 
• H 
o (0 
o 
•H 
+1 
0) 
O (0 
1 
r H 
0 
c (0 
<-» 
r~ 
•• 
r-\ 
«• 
f l 
r-\ 
• • - ^ 
0) 
c 0 
04 -P 
0 
V4 
0) 
o Q< (0 
0) 
+> (0 
c 
<u 01 
V4 
10 
o 
o 
r H 
c 
0 
•H 
!" 
0) (0 
3 ^ 
cr « 
•H 01 
c 
J2 U O fJ 
0) H 
+> 
^ 
O i g 
c o 
•H 
•O CN 
C rH 
<1) 
o c 01 3 
<: n 
z 
• 
O 1 
1 C 
0) 1 
C- r l 
o u 
+J +> 
0) 
o » ( 0 ' -
1 rH 
rH •• 
0 ro 
c •• 
«J <* 
4 J ^ 
01 
r H 
(0 
4J 
0) 
g 
+) 
u* 
l|H 
0 
1 
0) 
c 
0 +J 
0) S 
O rH 
<a 
« 
0) ^ 
+) rH (0 •• 
Si^ 
On •• 
ta CM 
0 — 
s: 
CO 
2 
r-\ 
1 
% 
t N 
0) O 
44 Z. 
<0 (0 
+> Z 
0) 
0 S 
lO CO 
CU rc3 
1 O -H 
3 -"l-rH 2 
XI O 
0 in 
> I B : 
+j 
01 CM3 S 
H K 
0) 
<U -P 
C (0 
•H C 
rH <U 
rH 01 
(0 V4 
•P (0 
01 
> i O 
U-H 
o c 
•rl C 
g <a 
0) -P 
en 01 
ii 
% ^ 
(1) >H 
U* H 
^ ^ 
•H 3 
Z < 
^ « 
3 +J 
U CM 
XI H 
c 
• 
CO 
rc 
o Z 
•\ 
**-««» 
0 r-{ 
E 
• g 
CO 
•• 
CM 
>m^ 
s in 
• 
o 
1 
CM 
<-i 
O 
H 
B 
3 
V4 
3 
cr 
•rt 
c 
J2 o 0) 
+> 
^ • H 
H 
H 
lO D) I I 
OH- K (0 C 
0)CM > i C «J 0) 
01 C n ' O g ^ . H C C 
, . K C 0 g 0) 0 
0) (0 )H 'O K £ N 
> •o itH 0) 0) a > H 
•H C --^ > -P 1 £ 01 
+) (0 H TTO 0) O 4J -P (0 H O ' - t ' O H . H C 
.P+ «-' W rH TJ 0) 
•HCNI 0) CMO O » D» 
+) (Uti4K«W^H r H T i r t 
C 1X4 M C 0) 
(0 > 4 H S r H + > D > ( 0 U 
l j > 3 t 4 H O i n i ( U a ) C 
c 
• r l 
•0 
c (1) 
o 
0} 
<: 
(1) 
•H 
>H 
0 
r H 
x: 
o 
g 
3 
• H 
•d 
0 
01 
01 
3 
0 
Q> 
3 
c r o o o i g - r i o i u C • 0 01 C 0 
» C O O ( O V 4 3 ^ H r H 
g 0 -H O +> rH 0 
O ^ H + J ^ . r l O C O O 
+) 3 +) rH QJ 0 1^ 
CM (0 rH •H -rl a - H £ 01 
iH M ( l ) ^ U ) 0 1 - P 4 J l O 
01 
c 0 
• H 
4J 
3 
r H 
CT 0 
< 
O 
r H 
(1) 
Cn 
(0 
O 
• H 
r H 
• H 
(0 
X3 
CM 
^ 
01 
•H 
z 
^ 
Di 0 
ffi 
^ 
u ^
 Oi O 
< 
% 
3 
U 
fa 
^ 
•H C 
(Q N 
2 & 
• 
> i 
r^ 
9) 
> 
• r l 
+) 0 
0) 
04 
01 
(0 
u 
(0 
0) 
o 
c 
(1) 
u 
0) 
M-4 
0) 
C 
£ 
e 
o 
u 
O 
I 
fO 
» en 
SB 
H e o 
o 
£ 
O 
c 
o 
0) 
4J 
V4 
3 
0 
•H 
« > 
c o x : 
0) 
X> 
0) 
c e 
° l 
01 r-l 
C O 
O O 
C .H 
0) 
0 
tn 
u 
C - H 
3 £ 
0 C 
•H (0 
c 
(0 (D 
cn >-i 
U 0) 
O > i 
C <0 <w 
•rl •-( O 
o 
•H 
CO 
o 
•H 
C 
(0 
(1) 
c 
•H 
2 
M 
o c 
c 0; <u 
•H f-l > , 
>i (0 
»H J2 f-l 
o +) 
C -H Q) 
O TJ -P 
•H 
+> c 
fl O 
u 
(a <n 
0) o e 
en -rH -H 
flj 
c 
en 
0) 
o 
I 
•H m 
+> o 
c 
It) C 
3 O 
0) 
c 
s 
•H 
B 
u 
<u 
m 4J 
(1) 
•o -o 
0) 
u 
0) 
4J 
I 
O M 
Q4 C -P 
0) O 
U rM 
3 «J C 
0 ) 0 , 0 
CO 
0) •H +) 
m (0 
Q 4J 
Oi M 0) 
o o 
B 
. u 
•P C fl 
0) 0) £ 
E C 
(0 
rH 0) 
10 4-> 
in 
o 
(0 3 
«J f-l 
•p (1) go 
0) 0) > 1 
o 
c 
E (0 
a 
•H O 
c c 
0) O 
C iH 
a> o >i 
C - H £ 
•H 4J +J 
•O (0 0) 
c VH -H 
fl) <0 -O 
o cu 
m 0) C 
< '/> O 
0) 
•o 
•H 
o 
r - l 
s: 
o 
to 
3 
O 
0) 
3 
cr • 
It) (0 
c 
c o 
•H -H 
4J 
0) 3 
10 iH 
o o 
rH m 
o 
0) 
u 
o 
14-1 
0) 
o 
CS M 
o 
(0 IM 
(0 
0) M 
C -H 
> ; 10 
o 
•H C 
+ j 
•o 
U Q) 
0) -H 
> i U 
It) TJ 
28 
M 
M 
m -P 
Its 
u 
3 
It) 
to 
x: 
o 
IM 
I • 
« e 
u 3 
Its -i-l 
04T3 
(U 
(0 
V4 
U 0) 
c 
(tS 
•P C 
It) (t) 
^p 
c 
•H It) 
>1 
u c 
to TJ 
0 
» £ : 
<-» n 
c 
O u-1 
•H O 
+J 
3 C 
rH O 
0 - H 
to 4-1 
0) 
(0 
It) 
x: 
0) 
rH 
•rH 
XI 
O 
s 
•X3 
(0 C 
3 US 
O 
0) 0) 
3 -P 
c r It) 
n) M 
•p 
IH -rl 
o c 
I 
o 
>1 
to 
0) 
u 
3 
•p 
X 
•H 
2 
H x: 
O I 
C rg 
It) 
x: s 
4J in 
0) • 
o S 
in + 
O Q) 
- c 
w e 
Z It) 
I 
I i n 
> i • 
x: o 
0) 
o (U 
c +J 
-H n) 
E JH 
It) +J 
I -H 
i3 • E 
3 
H D.rH 
>1 P C 
x: tJ o • 
4J .M g ^ 
(u P e S 
o I 
•H rH 
•P O 
Q) 
o 
Its x : 
§ 
>1-r l
X C rH rH 
0) (U 
c 
o -
+J ^ 
0) CN 
0 •• 
Its in 
1 •• 
rH r~ 
O ^ 
c 
It) 73 
X: -rl 
u n) 
•H 
o 
It) 
o 
•H 
+J 
<u 
u 
It) 
I 
c 
o 
o ^ 
(0 *-^ 
rvj 
in 
I 
Its 
rH 
- > 1 
— +> 
rH 0) 
. . O 
o^ Its ^ 
*—^ I ^-H 
r H r H CNJ 
U U •• 
DC ffi n 
2 S in 
V£> ^ij" < * 
I I -^ 
(U 0) 
C C (1) 
0 0 c 
•P +J O 
0) 0) -P 
O U 0) 
< Its o 
I I 
rH US 
> i x : 
+) +> 
0) 0) 
o 
Its "^^  '"^ 
U m o> 
W •• — 
in 
S (N rH 
IN s_ U 
a: 
o c s 
c o n 
Its -P I 
o o 
It) C 
s 
0 I 
<-{ 
0 1 ' - ' 
c 
O r-l 
•rl U 
3 •q 
rH 
O -
m '^ 
2 
01 in 
3 I 
0 . - 1 
0) w 
3 •-* 
< w 
2 
in 
CM • 
«-^ r-i 
H It) 
U Z 
It) 
U 
2 
in 
It) 
M 
• 3 
CN -P 
^^ It) 
CM 01 
U "O 
a> c 
2 It) 
•5f 
o 
en 
r>i 
E 01 
C 
01 O 
3 T H 
O -P 
Q) 3 
3 rH 
cr o 
< 01 
01 
Its 
x: 
04 
> l 
Its 
c 
O 
•H 
+J 
Its 
+) 
CO 
01 
rH 
Its 
+> 
(1) 
2 
c Its 
01 
0 
+J 
•H 
x: 
u 
^ 
• r l 
z 
^ 
c 2 
^ Tl 
U 
^ 
% CP 
ac 
^ 0 
u 
V 
t 7 > ^ 
< 
^ 3 
U 
CL4 
v 
^^  
H 
C r-i 
N E-t 
01 Its 
c o 
•H •rl 
E -H 
Its -rl 
•H m 
•p -o 
0) 0) 01 
c +J n 
0) Its 0) 
rH C >1 
> i O' Its 
X: 0) rH 
•p n 
0) Q4rH 
•H E Q) 
0) 
C 
•H 
rH 
rH 
It) 
+J 
01 0) 
> i 01 
u o 
O rH 
O 3 
H rH 
O rH 
•H 0) 
2 O 
N 
J3 t3 
04 U 
% ^ 
cn cji 
K ri! 
H • 
3 0 
0 Ji 
C -H 
2 (Q 
^ ^ XI C 
O4 ISl 
^ ^ Di 0 
ac u 
^ ** 3 Q) 
U 1X4 
c 
•H 
o 
0) E 
0 »H 
1 O 
W IM 
W'rH 
•p 
04 
^-» » 
> x : 
M « 
»•-• ^ 
n 3 H PS 
% ^ 3 -O 
< O4 
^^ 
H 
H 
H 
««,^ 
^ 
H 
It) 
E 
Vi 
O 
0) C 
OS - H 
O Q) 
iH - ^ "O 
3 D»-H 
rH H H 
rH <U O 
Q) X I rH 
0 .-I x: 
1 0) O 
W TJ 
Ki; - H Q) 
M 0) £ 
D BC -P 
OS 
(N 
0) 
rH 
10 
+> 
c 
o 
u 
(0 
O 
c d) 
M 
0) 
«U 
O 
cn 
• 
m 
4J 
c 0) 
£ 
E 
0 
u 
fl) 
(0 
(0 
£ 
& j 
0) 
i H 
•H 
^ 
0 
s 
0) 
CO 
nJ 
x: 
cu 
> i 
^ 
10 
c 0 
-H 
•P 
(0 
4J 
w 
n i H 
(0 
4-> 
0) 
s 
r^  
o 
i H 
C 
0 
•:3 
•0 
u 10 
04 
Q) 
(0 
(U 
> 
•H 
+J 
(0 
4J 
•H 
r H 
(0 
3 
a 
r-i 
0 
c (0 
£ 
J j 
0) 
1 
(^  
w 2 
• 
cr (0 
dP 
i n 
O 
rH 
(U 
CP 
10 
O 
• iH 
i H 
•H 
W 
r H 
< 
* 
c N 
^ 
u N 
cm 
(0 
3 
0 
•H 
M 
(0 
> 
c 
• r l 
U 
< 
o ffi 
1 
0 
u 
cn 
0 
•H 
(N+> 
0) 
s 
x: 
+j 
• r l 
s 
• 0 
0) 
+J 
•0 
c 
(0 
U 
O 
• r l 
+J 
(U 
o CO 
0 
J> r H 
0) 
V4 
cu £ 
•H 
CP 
tc 
% D 
U 
^ 
o^  
< 
t-i 
E-i 
•H 
VJ " O 
4J -r l 
-H O 
c to 
CO 
O 
H 
0) 
C 1 
82 
l o x : 
XI 0 
0) 3 "0 
9 O C 
cr.rj m 
•H B 
*i 
c 
0) 01 
(0 
0) • U 
C 0) tJ> M hJ 
£ (0 C 
O 0 - H 
4j x : 0) 
+JrH 
D^.rl OJ 
c "d g 
•H 0 
•0 rH O 
c « (1) X (0 
0 0 
CO rH to 
< U>(0 
1 
3 
•P S 1 
> 1 
10 
v^  
b< 
0 
• r l 
04 C 
CO 
o 
•rl 
c 0) 
C7> 
0 
e 
^ 
nj m 0 ro 
cn (0 
^ H -rl 
0 
rH C * (J « 0 - ^ 
•• 
r^ 
v-<* 
rH 
K j J - O U 
3 4) 
S X l - P 
n 0 (0 
>• m u 
rH -H 3 
0 +J 
C » (0 
<0 '-^ W 
+j • d > - ' 
3 Q) 
CQ + ) r H 
t 10 U 
C V4 S 
u 0) 
•a 5 
0 
Q, 
0) 
CO 
0 
r H 
3 
rH 
rH 
0) 
U 
•d 
u 
c o> N IEC 
% * 
•H "O 
Z 04 
^ ^ 0 C7> 
U X 
3 ^ 
U P^ 
X 
S 
n 
1 
rH 
«J 
CP 
u 0 
c 
•rl 
c 
• r l 
\ 
H 
u 
•0 » 
•H 
0 
«0 
u 
•H 
4J 
0) 
0 
«0 
0 rH 
C 
(0 
(0 
•H 
04 U 
0 •0 
U r^ 
• 
0 
c 0 
0 
« 
0) 
c 
•H 
•0 
•H ^ 
U r^ 
> 1 • • 
04CO 
> 1 • • 
u ^ O4 CT>'C3 —' 
O i 
0 
r-{ 
• 
CO 
> i C 
M 
fO 
g 
(1> 
• P 
•0 
c (0 
0 
H 
4H 
0 
CO 
c 0 
H 
.p 
> i (0 
M 
<0 
c 
•H 
CQ 
^^ (N 
• • 
T-^ 
• > - ^ 
u CQ 
u: 
s rH 
1 
u pa 
K 
S 
r-{ 
(0 
0 
•H 
rH 
•H 
CO 
MH 
M 
(0 
O4 
d) 
to 
1 
(0 
h5 
0 X) 
0) 
>H 
3 
•P 
r-i 
(U 
CT» 
0) 
C +J 
(0 
0 
X rH 
•H 
s 
•H 
2 
^ 
0) 
b 
^ 
(U 
(0 
•P 
to 
CP 
c 3 
D^4j 
r H 
EH 
tJi 
K 
^ 
• 0 0 
> u s % 
c 
s 
u 
^ 
c N 
^ 
• r l 
pa 
3 X I 
U U O4 
0 
rH 
H 
CO 
C 
0 
•i! 
(0 
u 
<0 
Oi 
0) 
CO 
(U 
> 
•rl 
•p 
(0 
+J 
•H 
<-i 
to 
3 
cn 
rH 
> 1 
X3 C 
•P •H 
rH 
V (U 
c 
•0 0 
C -P 
(0 0 
X 
0) 
C > i 
0 rH •<J' 
-p x : 0 
(U +> W 
0 (1) oa 
rt: e « 
1 
G 
Q) •rl rH 
C (0 0 
•r< £ - P x : 
rH +3 C 0 
rH •H 0 0) 
(0 5 0 -P 
•P 10 
CO <U to 0 
> i CO C 0 
)H 0 0 h 
0 rH •H > i +) 
0 3 -P Q4 fl) 
M rH 3 rH 
0 rH rH a> 0 
•rl 0) 0 C -H 
S 0 CD^H > 
3 
0 
r-\ 
<: 
^ 
• 0 
u % (D A 
[u Oi 
0 C 
U ts] 
r-\ 
r-{ 
t-i 
1 
to 10 
S s 
0 •H 
•:i1^  (0 (1) 
u (0 (U 
0 4 > 
(U •H 
CO -P 
10 
0) -P 
> - H 
•rl +J 
4J C 
f^ 
M 
H 
%»<' 
cn 
cc 
<0 (0 UH 
\i 3 
•H CT 
rH 
•0 "0 
3 C 
0 
c 0 
•H 
0 (0 4J 
tu 
C 
(0 
X 
0 
•H 
Q 
(U 
4J 
10 
c 0 
£ 
•rl 
4J 
C 
(0 
O'-N 
> 
H 
N . ^ 
x: H 
r H 
(0 
.P 
0) 
£ 
r H 
10 
U 
0 CO 
> c 
0 0 (0 -H 
29 
(N 
i - \ 
r-\ 
c 
0 
(0 
M 
<  
a d) 
CO 
0 
> 
•H • 
•P - > 
CO H 
•P H 
• r l — 
+) D> 
C S 
CO 
3 *W 
0 0 
1 
0) 
+> 
CO 
M .P 
<U CD 
> i 01 
(0 C 
r^ 3 
.p 
0) 
0) g 
M 3 
MH -rl 
u U 0 
(1) s: 
• 0 -P 
c 
•H MH 
pa 0 
rH 
CO 
•P 
0 
B 
r-i 
CO 
U 
0 CO 
> C 
0) 0 (A -H 
ro 
H 
H 
to 
c 
0 
CO 
M 
CO 
O4 
(U 
to 
0) 
> 
r l 
+J 
CO 
4J 
• r | 
H 
CO 
3 
01 
to 
3 
0 
•H 
(U 
3 
cr 
CO 
dP 
l O 
m 
0 
to 
M 
3 
•P 
X 
• r | 
•0 
•rl 
0 
CO 
0 
•H 
• p 
a> 0 
CO 
(U 
rH 
•H 
l^ 
+J 
•rl 
z 
%> 
T3 
C 
CO 
0) 
c 
0 
•p 
0) 
0 
CO 
V 
X 
0 
• p 
C4 
f ^ 
X 
z 
to 
(D 
> i 
CO 
rH 
X> 
(U 
*i 
CO 
c 01 
(U 
M 
Q4 
£ 
•H 
•H + 
z m 
^ 
0 
u % 
S) 
1X4 
£3 
Z 
D 
% 
X 
V 
X3 
EH 
l4 
U 
s 
0 
0 
< 
0 
s 
n 
0 
c 0) 
u 
0) 
0) « 
m 
4J 
c 0) 
g 
B 
0 
u 
0) 
(0 
(0 
£ 
(14 
0) 
f H 
•H 
x> 0 
z 
0) 
DO 
ra 
x: 
c^  
> 1 
u ta 
c 0 
-H 
+J 
(d 
•P 
(fl 
(0 
1-i 
10 
0) 
s 
«* 
rH 
i H 
c 
0 
•ii 
(0 
M 
(0 
a, fO 
(0 
(1) 
> 
•H 
+i 
(0 
4J 
•H 
t H 
10 
3 
o 
1 
X 
0 
4-) 
E4 
1 
fO 
33 
2 
(0 
3 
0 
(1) 
3 
O^  
(0 
in 
•O 
•H 
o 10 
o 
•H 
(U 
O 
(0 
0 
I - l 
0 
u 4J 
•H 
z 
V 
S-l 
3 
4J 
(0 
•H 
s 
u 
< 
0 
X 
1 
0 
u CN 
0) 
(0 
o 
•H 
H 
•H 
(0 
n 
(U 
4J 
(0 
c 
• 
(0 
0) 
•p 
(0 
J l ^ 
0) 
M a . 
O i - H 
s 
c •H 
en 0 
X 
K 
3 
u 
% 
U 
^ 0) 
-M 
^ 
a>xi 
< a< 
0) 
^3 
O 
% 
> 
^ 
sz 
H 
^ 
V^  
u 
m 
H 
H 
1 
Xl 
> 1 
rH C 
0 3 
2 +> 
m £ 
U-l tTH-> 
0 C V4 
3 fl 
n -P 0) 
c 0 "d 0) 
•H n vi 
+» rt rO 
(0 U 
u B 
•0 3 6 
ft C O 
0) 0) V^  
W -C >w 
•0 
c c 
(0 -H 
0) £ 0) 
C 3 C 
•H -H 0 
e C H 
(0 Q -P 
rH e 3 
>1 6 rH 
JJ S 0 
O •-< to 
0 > i 
•H +) 0) 
H O - 0 
E-t 0 -H 
10 {-1 
S H 0 
ra +J rH 
• 
0) 
s 
• fl) £ £ 
c 
0) 
PU 
1 h M-l 
Ot 0) 
(U (H 
•d VJ »H 
C ft-H 
(0 e "0 
•H 
0 
10 
c 0 
•iH 
rH J2 + i 
(1) (U ^ 
(71 0) -H 
0 > 
(0 <-t 
O 3 -d 
•H H a) 
rH rH -P 
•H a) (0 
w o e 
s 
^ 0 
s 
(0 
M 
+J 
c 0) 
o C --I 
0 U 
O 5C 
1 
^—<' 
sO 
t!4 
rH 
4J 
c (U 
> 
^ 
B 
rH "O in 
Q 0) rH 
(0 4J 
(0 
(0 U 
3 
C -P 
•H (0 
to 
T3 
0) t 
a 0 H 
rH 3 
0 0 
> Qj 
0) (0 
p > 
o 
•H 
+> 
O M 
(0 •• 
1 <T» 
0) in 
+) •• 
<0 i n 
> f o 
1 >-' 
f-i 
0 rH 
c u (0 K 
+J 1 
3 - 0 
pa -H 
1 U 
c <o 
(0 
(U ^ i 
C -H 
•H e 
rH 0) 
rH « 
(0 - ^ 
+» to (U 
> i to 
U 0 
c 3 
1 
10 
•H 
4J 
0) 
0) 
X 
M 
1 
3 
0 
r-i 
IM 
> 1 (1) i ) 
> i 
(0 
H iH 
H 
0) 
V4 
>i; 
c 0 
•H 
o -o 
•H U 
0) £ 
£ 
Q4 
to 
0 
B 
4J IH 
£ 
e 
r-i 
• (0 O 
-^» 
o rH ja 
0 3 
U rH 
O rH 
•H 0) 
S O 
-o 
u 
Q) 
U 
31 
to 
N 
0 
c 0 
•H 
4J 
• 
en 
c 
•H 
C 
c (0 
0 
to 
0) 
c 0) 
o (0 
0) 
M 
r^ 
H 
H 
o 
c 
» «0 
U 01 
0 H 
H 0 
+ IC O -rl 
fO 
MH 
•P 0 
(0 
c 
-d 0 
(U -rt 
Q4-P 
O 10 
H H • 
0) (0 (0 
> Q 4 C 
0 Q) 0 
Q ID -H 
1 
0) 1 
•P •• 0) 
(0 0 C 
•P vo 0) 
u c 
«0 rH 0) 
rH £ 
>1 1 » 
J : • d ' - o 
+> -H 
0 0 i n 
1 (0 . 
0 0 
C O . . 
(U-H 0 
N 4J rH 
C 0) " (U 0 0 
CQ ro n 
1 
cn 1 
0) 0 
V4 -H 
a u B 0) 
•H 0 
rH x: 
0) -P (1) 
O i -H +> 
> (0 
(0 "d 
0 - d XI 
•H 0) > , 
rH +J rH 
•H (0 0 
tn c e 
- fa 
en « 
•d H c 
U H N 
^ ^ > « < ^ ^ 
U" M -H 
< u z % ^ ^ 
3 rH 0 
CJ < U 
u 
•rl 
•p 
0) 
r-i 
• • 
0 
0 r^ 
(0 
1 
• • 
0 Q) CO 
4J • • (0 0 
4J \o 
0) _^« 
0 rH 
(0 
rH 
u 
as 1 
^ i T J 
x: 
+J 
0) 
•H 
0 
10 
00 
H 
H 
C 
0) 1 0) 
30 
0) C 
tn -H fl) £ 0 > , 
3 O4 (0 (1) 
M -H £ a* 01 
£ 0 X (0 
*1o X Q) £ 
M C 0) 
Q) 0 1 0) to 
XJ -rl C £ Q) 
g +> 0 -P 3 (0 (0 -H rH 
£ rH -d <0 
0 Q) Q) C > 
M JC (0 
•d -p «4-
(U (0 -P (^ 
+J C C (0 ^ QJ (0 rH 
M e Q) -P <0 
3 0 ? to +J 
•P +> C C 
(0 0 0) 0 (U 
tn rH ^ 0 E 
ro 
0 
z 
<c 
z 
s: 0 
• (N 
1 
0 
• 
0 -P M 
•H 0 
W- "? CU 
O S (0 
+) ^ -d > (0 0) 
rH 00 +) (1) 
a X (0 to 
0 M (0 
•d m 3 £ 
0) 4J a* 
•P (0 
(0 C to (U 
0 0 rH 
0 H --^ -rl 
0) X f X) 
JH -H fO 0 
CI4 MH Z E 
•H 
z 
^ 
B 
tS] 
^ 
3 
u 
(D 04 
tH 0) C <0 
a) £ g M 
iw 0 3 a> 
to (0 rH 0 
C 0 0 +J 
(0 M 0 (0 
n Q4 e 
•P O4 M 0 
(0 0 V4 
O r H * * - •£ 
•P (0 0 
1 n T3 
•d -H «) fl> 
tt) 4J Q4 cri . 
C-M 0 C U 
•H Vl rH <0 tJ 
(0 0 0) £ EH 
+) <U > 0 
XI £ 0) X 0 
0 -P "d (u +J 
n I 
o 
c 
0) 
0) 
0) 
03 
10 
(1> 
•H ja o 
s 
(1) 
0) 
x : 
> i 
(0 
c 
o 
+> 
l« 
+» 
CO 
(0 
CO 
+> 
a> 
in 
I 
in 
n 
(1) 
E 
•H 
4J 
CQ 
(0 B. 
c 
(0 
c 
O 
•H 
+J 
(0 
U 
(0 >: t^ 04 
CO 
+J 
c 0) 
E 
e 0 
u 
+> 
c 0) 
E 
Cu 0 
i H 
0) 
> 0) 
Q 
0) 
CQ 
0) 
> 
£ C 
0) 
> i E (0 
m E -p 
H -H 
' i n r^ 
C CN (tj 
•H . O 
E o cr 
c 
•H ^^ 
o n 
•«'E 
•H 
(U O 
O E 
(0 
o 
•H 
•p 
0) 
o 
(0 
o 
n 
0) C 
3 
CQ 
c 
o 
•H 
+) 
o 
CQ 
0) 
CQ 
o 
0) rH 4J •O +> 
3 
cr o < - ^ 
H a> 
o o 
0) 
+J 
to 
x ; 
CO 
O 
Q4 
0) 
CQ 
0 
t H , 
3 ' 
i H 
rH 
CU 
U 
<» 04 
c (0 
E 
10 
x: 
s 
—' 
0) 
+J 
10 
a, 
CO 
o 
•o £ 
c a 
(0 
0) 
—* CQ 
•a o 
C iH 
flj 3 
•H rH 
01 rH 
C 0) 
U U 
(0 •• 
+J n 
CO > - ' 
> 1 
U CO 
o o 
O 3 
•H rH 
E H 
0) 
+ o 
o 
u 
o » 
s ja 
U Si > 
U E-" rH 5H 
- » E H -
•O Q) » O 
U Pti c n w 
"> » EC » 
3 - H 
U S N 
O 
•0 -d 
0 
5 
0) E 
o 
•H 
k 
+> <U 
E 
0 
+> 0 
C 
10 
c 
0 
0 
V^  
0 
t 
•H »M 
+J 
10 
V4 
(0 
0 
c 0 
Qt-H 
0) 4J 
CQ 
<L> 
4= £ 
Q4-P 
1 
U 
J 
«0 
c 
•H 
E 
V4 
0) 
U +J 
0 0) 
E-t >H "0 
I 
C Q) 
•H +3 
C 
- - N . r ( 
H 
> M-l 
- ^ o 
o 
o 
o 
CO 
c 
o 
m 0) 
(1) ( 0 
CO O 
en 
04 C 
0) 
EX: 
•rl 
U 
a> lO •!-> I M 
u 
c 
o 
u 
I 
0) 
+J 
(0 - . 
+) in 
O • 
0 H 
(0 •• 
o 
•-i O 
> i H 
4J - ' 
3 
pa -H 
1 U 
C £ 
0) 
01 
<0 
o 
•H 
rH 
•H 
CO 
0) 
CN 
C 
« o 
' - - H 
H C 
H «0 
H 
MH > • 
O H U 
C U E - " 
•H * 0) 
(0 H C 
W H (0 
lO H x : 
Q4 w O 
QJ H X 
en M (0 
•P O 
d CM 
0) S 
M 
(U tM 
<4-l O MH 
• r l 
• 0 
x : 
•rl 
CO 
c 
o 
•H 
m 
u 
•p 
rH C 
a o 
c 
s o 
i n o 
d 0) 
<0 en 
o 
0 iH 
CO 3 
0 H 
rH rH 
3 <U 
rH O 
rH I 
S3 
1 O 
<C EH 
w u 
a w 
CM 
CM 
CT» O 
• H 
8 
•H TJ 
rH »0 
•H fO 
CO 
0) 
c x: 
O *i 
c » 
o u 
•H 
+J 
(0 
M 
(0 
O4 CO 
0) (0 
to S 
o 
C 0) 
•H £ 
8 ^ 
»H f^ 
« > 
cno 
c u 
10 O4 
•*= 2 J 
O -H C 
x; o 
0) > . - r ( 
C TJ 3 
O <1) rH 
•r< ^ ! O 
U CQ 
MH (0 0) 
O E JH 
o 
D l CM 
c s 
•rl 
+) TJ 
CO C 
•H (0 
CQ 
C rH O u 
O X 
CO O 
Q) U 
M C^ l 
s 3 +) 
•rl 
s 
CQ 
o 
•H 
4J 
(0 
iH 
CO 
3 
o 
lO 
> 
c 
•rl 
o 
T3 -H 
c 
( 0 C>4 
n 
rH I 
CD CO 
0 1 U 
(0 -P 
o 
•H 
H 
•H 
to 
c 
• r l 
CO 
0) 
u 
0) 
en 
c 
BS 
x : 
o 
X 
0) 
•rl 
H 
•< M 
« N 
U 0 
u s % * £ CM 
E^  0 
» D 
•H » 
CQ > 
, 
U 
H 
« 
"-^ H " * 
M > 
M H 
^Ik.^ ^ W ^ 
x : JH 
OJ H 
3 
u ^
 0 
u ^
 
c 2 
% 
•H 
z 
CO 
CM 
31 
H T3 
H C 
H 10 
0) •rl 
O H 
H 
C M 
O — 
•rl U 
•P U 
<o ^ ^ 
H 3 > 
10 O H 
Qi * "-^ (U O 0) CO u u 
EC 
VO 
u 
1 
o 
< 
o 
+J 
W ' -
I CO 
O •• 
U H 
CM** (1) r^ 
2 - ' 
O 
(U 
10 
o 
• H 
H 
• H 
CO 
C 09 
O C 
• r l O 
• P - H 
• H 
CO H 
C <0 
lO +> 
CM 
XI 
CO 
+) 
C 
o 
u 
n 
0) 
o 
c 
«) 
0) 
Oi 
m 
+> 
c (1> 
e E 
0 
u 
(U 
to 
ro £ 
0^ 
(U 
iH 
•H 
X} 
0 
S 
(1) 
(0 
CO 
£ 
04 
> i 
U 
<0 
c 
o 
• H 
CO 
+J 
cn 
CO 
+J 
0) 
2 
'» 
fS 
iH 
1 
•H rH 0 
CO -M Wl 
i5^5 
rH £ 
0) 0 O 
j : n 
+ j 
iH rH 
C CO CO 
0 -H +) 
•P Q) 
to c e 
C 0) 
0 V4 M-l 
•H 0) 0 
4-> (H 
CO IM C 
M -H 0 
(0 T J -H 
a -P 
V U-l 10 
tfl 0 N 
to 
E (1) 
*i 
to 
> i 
to 
+J 
c 
a> 
> 
rH 
0 
to 
M 
CO 
i-l 
0 (U 
<u to 
0 
3 
rH 
0) 
u 
XI 
ffi H 
3 ) H 
-H -H 
(0 
(U 
X 
0) 
r-l 
04 
e 0 
o 
i n 
N 
iH 
M 
0 
M-l 
to 
C 
0 
•H 
+ i 
•H 
•0 
c 0 
o 
c 
0 •H 
CO 
iH 
CO 
H 
> 
>^ 
V4 
Q4 U 
a> to 
0) 
> 
•rl 
+J 
CO 
e + j 
3 •H 
e -p 
•H 
4J c CO 
04 0 
o 
to 
c 
0 
•H 
+) 3 
rH 
0 
to 
to 
3 
0 
0) 
cr 
« 
•o 
c to 
*-» 
H 
H 
H 
s - ^ 
V-l 
u 
MH 
0 
n 
O 
z: 
« 
« 
u^ CO 
z 
^ 
3 rH 
cru CO 
^ 
M 
« 
^ 
^ 
to 
0) 
y 
•H 
E 
> i 
u CO 
c 
•H 
XJ 
u 
•rH 
£ 
+j 
E 
0 
U 
IH 
Q) 
V4 
(U 
n U H 
O 
U 
IH 
•H 
rMfO 
(0 
2 
^ 
•P 
(0 
^ O 
1-1 
u r o « 
K 
0) ^ 
+> CO I4H 
s 
o 
O 
co--^ 
•H 
iH 
< 
H 
1H 
U 
^ 
H 
M 
U 
u 
u 
s 
" k ^ ^ 
• > » 
o CO 
<N 
:^ 
« 
•o Q) 
x: to 
•H 
rH 
XI (0 
4J 
to 
0) 
0) 
>H 
(U 
> 
to 
c 0 
•H 
+) CO 
h 
4J 
c 0) 
o 
• * C 
O 
04 
o 
o 
n 
u: 
T) 
c CO 
M 
CO 
t-i 
o E 
vo 
N 
•-i 
c 
0 
CO 
U 
CO 
04 
(1) 
to 
K 
c 0 
•H 
+J 
CO 
M 
+) 
c 
1 
0 
T3 
CO 
• 
u 
U 33 (0 
1 
>4H 
0 
c 0 
•H 
+) 
o 0) 
+J 
o 
O -0 
o 
c 0 
u 
• 
cr CO 
^ 
u 
13 
c (0 
dP 
rH 
1 
rH 
• 
o 
• » — ' 
0) 
Q) T l 
+) CO 
» 
•H 
U 
0 
rH 
•0 J2 
0) 
iH 
iH 
•H 
4J 
o 
E 
% 
Di 
? 
< JC 
^ 
3 
U 
-^ 
(0 
p 
^ 
3 
Q 
^ 
E CO 
to 
0) 
u UH 
c 
•rl 
to 
4J 
r-i 
(0 
to 
>H "D 
C n U 
to 
C 
o 
•H 
3 +J 
•H 3 
to "O rH 
•H 
Q 
O 
rH 
(U 
Cn 
CO 
O 
•H 
rH 
-rl 
to 
< 
u 
3 
u 
en 
C 
U i 
O 
to 
r^  
CNJ 
r-\ 
4J 
c . 
<i> i 0) 
3 04 >1 
CP 0 CO 
••"•rH rH 
C (D « 
•C > C 
O « .rl 
W-O E 
+> ^ ^ 
- o 
t T > g V£> 
C o 1 
•H o 
• O p , ^ 
C r H 
0) (U 
W C E 
i2 3-5 
< M 4J 
1 
•O 0 
C! E 
CO g 
CO 
n3 S 
'•"^ r-\ '0 
u . c 
"J O CO 
E 
E 
in 
• 
o 
to 
to 
0) 
c X 
o 
•H 
£ 
+> 
« 
r^  
• 
^ 
K 
flir~ 
-^^  
0) 
• 
vo 
O i^ iQ +) it j 
••^ 0 -rl 
+» o (1> to CO 
O 0) 
CO V4 U 
3 -H 
S 4J ^ 
<=> X <0 
' -H O 
"-I E CO 
1 
3 H - * 
H O 
Q) S 
CO 
•H > tn 
>1»H V4 
x: 0, a) 
0 0) 
«w (U 'O 
'"' to -rl 
3 0 O 
W r H K 
•» « . » 
£ O 3 
E^  S « 
» » » 04 N d , 
* » » 
W B 04 
CO 
4J 
0) 
O 
CO 
E 
c CO 
i n 
• 
VD 
« 
3 r^ 
•rl • 
C IT) 
0) 
VH 
• H U S H 
ffl U » N 
U < D to 
CO 
<N 
r^^ 
1 
M to (1) 4J 
•P -H 8 '>iO 
CO -P C 
0) rH (1) 0) 
O 4J 
• H <4H 
O4 g t7> 
•H 0 
H CO u T j e 
+J •J 0 0 
0) "0 N ID tH 
E 04 
0 
•P MH 
0 0 
£ 
O4 C 
0 0 
U -H 
4J -P 
U CO 
0) C 
0 j r 
E V4 u 
0 +> 
>H -rl to 
iM c n) 
1 • 
c q< (1) -P 
0 c c 
•rl tJI 'H Q) 
•P C rH t j l 
3 -rl •rl CO 
Q4-H rH to C: (1) 
to E 
1 1 
(X4 b 
S 2 
Q Q 
% ^ 
^"^ y * * 
S vo 
0 •• 
- . ^ 
T-\ ^ ^ 
1 
0) 3 CO V4 
-^^  
»* 
•• 
vo 
r-\ t^ f^ 
0 0 
• z 0 33 
""^TS 
0 <-{ 
Z • 
K 0 
0) 
CO 
c 0 
E 
•H 
•P E 
C U 
to 0 
MH 
> + 
•rl C 
EH • H 
•H H 
Z IS] 
0 
z K 
2 
iH 
• 
0 
U O4 +» 
% ^04 
C •H « 
t^ CQ 3 
S 1*4 <0 
J. • J 
3 0 * 
U U >< 
32 
m 
0) 
o c Q) 
U 
0) 
0) 
o; 
U) 
4J 
c 0) 
E 
E 
0 
U 
0) (Q 
(0 
x: PL* 
Q) 
rH 
•H 
^ 
0 
s 
0) (0 
(0 
J : 
p* 
> i 
u 
<a 
c 0 
•H 
+> (U 
+J 
CO 
01 
r-i 
(0 
4J 
V 
s 
o\ 
04 
rM 
+> * 
ss 
h « 
0) D> 
«w a: )M 
•d 0 
I M CO 
0 0) 
4J 
to (0 
C +J 
0 to 
•H 
4J > i 
R) U U 
n c u fl] 0) 
C U r H - O 
t) (0 
w > 
(1) 
u 
' 3 (0 -P 
3 X 
0 -H (1) E 
3 
c 
<0 
CO 
o 
•H 
C >!+> (0 U 
(0 
•0 C 
C -H 
10 .Q 
0) U 
S - H 
0 C 
0) m 
3 en 
cr n 
<; o 
o 
•d o C n 
to 
2 
£ 2 
o U 0) 
(0 CD 
*i O 
CO i H 
3 
C . H 
V 4 ^ 
O (1) 
u o 
01 
ffi 
% h 
u ^
 Q) 
1 fa 
(0 (^  
CO 
3 
O 
•H 
M 
10 
> 
C 
•H 
O 
ro 
H 
C 
3 
% 
0) 
3 
cr 
•H 
c £ 
u 0) 
+J 
01 
c 
•H 
T3 
c 0) 
o CO 
< 
^ 
m 
O 
z 
w 
s o 
• 
r H 
1 
CO 
1 
o 
1 
4J 
C 
10 
<—» 
> 
H 
> — i ' 
E 
3 
•H 
C (0 
+> 
•H 
0) 
b 
^ c N 
^ 
o 
u 
^ 3 
u 
+> 
c 0) 
E 
a 0 
H 
0 • 
> J= 
a) o 
TS H 
1 
» VD 
E 
U 0) 
E 
i H - H 
r H +J 
H ^ 
• at 
O r H 
1 0) -O 
•o c 
•H <0 
E 
•0 H 
E •• 
Wl ' * 
0 
UH «. 
rH O 
> 1 • • 
X : r H 
+) ^ O ro 
E O 
•H Z 
•0 K 
E 
U 
0 
HH 
+ s 
c 
•H 
0) 
+J (0 
c Q E 
3 
< 
« 
U 
^a >H 
^ V 
Cn+) 
S Pu 
^ ^ U "O 
U CU 
i H 
ro 
r-{ 
«0 
CO 
M 
0) 0) 
C<H 
(0 HH 
£. 0 
4J 
0) C 
E 0 
• H 
rH +J 
> i rO 
0 C 
o 
r H 
ro 01 
> 
0 to 
g.:^  
U r H 
• H 
Q) CO 
s: 
•P E 
0 
M U 
0 MH 
>w 
C 
N D i ' O 0 
C 0) 
fl) u 0 U s: -H 
X5 a + J 
•H E 
D - r l 
+> rH 
(0 •• +> r H Q) • • 
o ^ ( 0 - ' 
r H 
^ l - O 
x:-H 
•P O 
fl) (0 
1 
r H O 
O - H 
C 4J 
to 0) 
0) UH 
E 0 
1 1 • 
fl) M O 
• P (1) • • 
ro +) rH 
•p ro 
0) ^ 
O 1 
• • 
r-i 
• • 
ro "O ro 
• H 
r H O 
>i ro 
£ 
•P O 
fl)-H 
E 
+) O T3 k 
3 to 
CQ 1 
rH 
fl) 
0 1 r H 
fl) 
to 0 1 
O 
• H to 
r H O 
• H . r l 
CO rH 
• H 
C CO 
• H 
to T) 
<-i C 
04 to 
3 
u 
C 0 
ro MH 
1 
00 
fl) £ C 
+J-H 
• H r H 
^^ 
fl) 
c 
•H 
•o 
•H 
>H 
> i 
o, , 
^ 0 r H 
c 
• 0 -H 
fl) 3 
> 1 
0 
N 
•p cr c 
ro fl) 
c > i j a fl) 
01 X •H C 
fl) o TJ ro 
h M x: 
Q j ' O "O - P 
E > i C fl) 
•H x: 
O cs 
U O 
C » 
N > 
% * 
•O fl) 
U fe 
^ ^ CX) 
S P ^ 
•0 
tu 
% 
•H 
s ^
 
x: 
EH 
ro E 
r>4 
ro 
r H 
> 1 c 
0 
a -iJ 
0 
t 
ro 
+) CO 
MH 
0 
c 0 
•H 
4J 
ro 
u 
ro 04 
fl) 
u CM 
ro 
•• 
• • 
i n 
*«" 
N . ^ 
O 
ro 
o 
•H 
r H 
O, 
o, u 
ro 
CO 
+ j 
• r l 
•0 
c 
ro 
0) 
CO 
ro 
x: 
a 
o 
*A 
EH 
O 
•H 
C 
ro 
o> VI 
o 
c 
•H 
c 
•H 
r>j 
K 
1 
OJrH 
w 1 
r H 
U 
K 
I 
8 
U 
ac 1 
K 
O 
3 
PQ 
CMfCS 
fl) 
s 
• 0 
c 
ro 
OS 
r H 
fl) 
U i 
ro 
o 
•H 
r H 
• r l 
10 
c 
s. 
^ 3 
u 
^ 
• r l 
z 
C 
ro 
B 
0 
• r l 
CO 
U 
0) 
+> 
•H 
c 0 
•H 
> 
dP 
I D 
r-{ 
^-. (£> 
• • 
"* 
• • 
ID 
•<J' 
>.—* 
M 
0) 
01 
c 
ro 
x: 
o X 
fl) 
CO 
ro 
H 
C 
•H 
E 
% o 
0) r H 
3 
cr fl) 
• r l E 
C • H 
x: +> 
o fl) 0 1 
+) C 
•H 
01 C 
C 0 
• r l . H 
•o +> C -H 
fl) T3 
O C 
CO 0 
fl) 
c 
0 
4J 0) - V 
O r H 
ro •• CM 
r-i • • 
> i O 
4J IX) 
0 w 
O "<* 
ro o 
1 CO 
r H fS 
u ac 
a: 2 
2 oi 
«X> 1 
32 
t-^ 
fl) 
o> 
—• 
ro X 
o o 
• r l M 
r H (1) 
•H 2 
to - ' 
•H 3 
CQ U 
\fno 
O U 
> * 
c 
0 
o ro .c CO 
<N H O E C 
1 ro ro 0 0 
in 0< (1) Vi 'H 
H O ) IH 
CO E 01 
fl) 0 to C 
E fl) V4 ro •H 
• H > «H Vl 
+>^r l r H 0) 
+ ) - H rH «M 
4J to EH (U Vi 
C .P > fl) 
fl) C "0 +) 
E (0 C CO C 
o< 3 ro ro -H 0 D' 
rH VI Vl Vl 
fl) «^  ^^ fl) (U 
> c x: x: (1) •H m +J .p 
•0 E 0 0 0 
r H C 
• 0 Vi 
C I 
CSJSsf 
» (NJ * 0 
fl) O 
In D 
^ « U -H 
u z 
X J S 
0^2 
« « 
oix: 
S E H 
33 
0) 
o 
c 
0) 
u 
0) 
0) 
34 
c 
e 
o 
u 
en 
0) £ 
•H 
+J 
+J 
C 
V Q) 
a> B 
3 a* 
J' O 
C 0) 
X! > 
O 4) 
0) 73 
cn g 
G O 
•H 
•O O 
C -H 
0) 
o c 
to 3 
m o 
4J 
•H Q) 
• u c 
C H 
10 C 
3 
•H O 
(0 
T3 
0) 
+J (0 
c d) 
0) (0 
u -o 
e >. 
o 
H e 
0) 
to H 
o -d 
H O 
H 0) 
H 
cn JC 
4J 
C M 
o s 
C 
D 0) 
M S 0) 
•H > 
S 4 J . H 
0) -P 
3 4J « 
J ' C +J 
•^ 0) H 
C e H 
X! a i t f 
O O 3 
Q) rH 
4J 0) 
> 
C 13 
•H 
X) ^ 
e g o 
cr 
c 
o 
g -P 
<0 
0) U oo 10 
O I 
in r^ o 
< i H VD (0 
cn 
to 
c 
3 
U 
0) g 
lO O (0 H 
O T3 
H 0) 
H *J 
H Id 
> 
_ -a Si 
•U lO fS 
rO 
C 0) M 
DIM O 
0) (]> «H 
a u 
g to o 
•H (P rH 
4J + 1 
0) (0 0 
i : rH O 
CO 
c 
o 
0) 4J 
3 C 
•H g 
04 0) (1> 
to 
0) 
O H 
(D 0) rO 
+J > 4J (U H 
cr>T3 4J H^ 
o 
c 
• H 
73 
O 
to 
c 
3n 
cr-H 
x: *H 
(N O 
to 
0) 
M 
3 
+J 
X 
• H 
g 
> i 
(0 
c 
u 
0) 
4J 
10 (0 
3 +J 
g 
C vu 
(0 O 
to 
0) 
to 
(0 
£i 
CM 
(U 
• H 
o 
2 
M 
0) 
4J 
(0 
-a 
•H 
o 
(0 
o 
•H 
g 
M 
- O 
•O O *H 
<U to 
M-t C 
o m 
? -H 
T3 
t^ 
•H 
10 
c 
•H 
CI 
0 (U 
M -P 
3 to 
•p g 
X U 
•w o 
g *w 
c 
H 
>1 
to 
> 
to 
c 
o 
-H in 
4J O 
3 H 
rH +> 
O lO 
to u 
O <N 
C V 
O r H 
•p . • 
(1) " * 
u * 
(0 O 
I •• 
•^ c •• 
to r>i 
•S x: 
in 4J "O 
• 0) C 
o g flj 
O - N 
0 C t*1 (NtO •• 
35 J3 (N 
1 +J •• 
rH Q) '4 ' 
O g ^ 
x: ^ s 
o '-»o 
O r H O 
< (0< 
g S 
l O o 
O O Q> 
to < ja 
c 
no 
O M 
a: <4H 
MH 
-O-H 
C T 3 
to 
r-i O 
X to 
c 
to O 
3 H 
O -P 
0) 3 
3 r H 
cr o 
< to 
O -P 
•H C 
C 0) 
H to M 
•H C71 (U 
0) H*H 
X! 0 * H 
+J H 
x: n 
•o -p 
c H c 
«0 » -H 
0) 0) to 
10 3 
> -p 
X 
K -H O 
a g to 
fU 
to 
to 
Si 
CM 
>1 
M 
(0 
c: 
O 
•H 
• p 
to 
+J 
w 
(1) 
•p 
x: § 
o x: — 
Si ^n 
to 
<1) g H 
to M CJ> 
O O C 
rH IW W 
3+ 
rH 33 * 
r-t H 
O - H CM 
I 
(1) 
g • 
• H o 
rH x ; 
Oi-H 
to 
o 
-H 
rH 
• H 
to 
O 
C rH-H 
o > i o 
•H-O G 
•P-H (5 
3 M 
> i - H 
T3 C 
to I -H 
3CM g 
O «.TH 
(I) CM 
3 73 
O 
to 
73 
•H 
O 
10 O to lO 
g 
3 
•H 
C 
O 
O 
M 
-H 
to 
to 
3 
O <U 
n -d 
•O -H 
> i X 
DC O 
to 
rH 
to 
•p 
s 
* + 
O •<>> 
U > O 
- * > 
H .H » 
C H -
tsi U + 
* ofNlCSl 
•O ^ O 
U CM D 
3 0) 
U &J £-1 >a 
s z 
CTi tU 3 
S CM U 
% « ^ 
73 Oi+J 
O < 0< 
^ ^ ^ 
ja c o 
CM S O 
c 
s 
<u 
tn ^ 
«. rsi 
C O 
73 XJ 
* * > 
CM E > 
•H 
Z 
3 0>+J 
u aa CM 
% % ^ 
C ^ 3 
S I 04 < 
^ ^ ^ 
o o>-* 
U < rH 
% % ^^ 
C: -H rH 
s : « B 
(0 
0) 
o 
a 
0) 
u 
0) 
>H 
0) 
(0 
c 
0) 
e 
e 
o 
o 
30 
c 
3 
(^ <U 
E 
0) -M 
c 
JC g 
o cu 
0) O 
+ J H 
0) 
CP > 
C 0 
•o 
c * 
0) 6 
o o 
m o 
M 
0 
tM 
H S 
0) 0) 04 
0) a> > 
C H M 
•-I (0 -P 0) 
e o o » 
Kt - H (1) O 
c 
e 
o 
in 
0) H 
<o -u Id 
I H 
•)-> (0 (0 
13 -o a) 
0) 
<0 
c 
en tn 
9) U r-\ 
M 0) 10 
a <o 0) 
•H rH e 
M 
0) 
3: 
10 
(0 
c 
o 
•H 
0) 
O 
e 
X5 
•H 
01 
(0 
0) 0) 
M 4J 
0) (0 
JS C 
» 3> 
0) 
- ^ H 
Q4 
E 
m in 
o ^ 
CM 
I 
0) r^ 
D 
H K 
«o a g 
> - * (0 
0) 
c 
• H 
s • 
(0 
M 10 
0) 
-H 
•H 
JQ 
o 
E 
4-1 
o 
0) 
3 
(U 0) rO 
H 
(0 
c 
o 
10 
u 
<0 
a 
CO 
0) 
> 
(0 
(0 
3 
o 
35 
o 
^ 
H 
U 
C H 
0 Q 
•H W 
4J Q 
O 
(U 0) 
•P (0 
0) 
•O H 
z 
•0 
C TJ 
(0 C 
10 
c 
0 3 
•H O 
+J 
(0 ^ 
U 0 
<0 U 
0, 
0) <M 
en 0 
H 
^ 
H 
c 
0 
•H 
*i<-i 
10 0 
M C 
•U (0 
c ^ 
0) 3 
O X l 
c 
0 C 
O H 
(D X 
> O 
Q) 0) 
O J3 
C -P 
0) g 
(0 0) 0) M-i 
0) C -P 0 
M 0 n 
a. -p > i c 
0) 0) 0 
0) ^ H 
Si H 4J 
E-t -H 0 3 
>i C H 
• x: <o 0 
-H O S -P +J to 
•P U 
O K 
0) 
>H in 
(U 3 0) 
o E XI M C 
CM 1 0 
1 rM S « -H 
»H 0 O > i ( i Q) +J 
0) • J3 O > 10 
(Din 4J U 0 H 
•P cn 
(0 C 
0 (0 
S M 
0) X M CO 
(0 0 , 04 
10 >M C E (U 
^ 0 -H -H (0 
0) 
(Q 
CO 
04 
0) 
r-i 
•H 
XI 
o 
S 
0) 
m 
CO 
x: 
04 
>1 
u 
CO 
c 
o 
•H 
•P 
CO 
+J 
cn 
s 
o 
33 
O 
o 
>1 
>^ 
CO 
c 
•H 
•H 
0) 
Xi 
•P 
c 
CO 
CO 
o 
o 
u 
00 
• • 
• • 
00 
T3 
c 
10 
\D O 
VD -P 
•• lO 
M 
O 
I 
I (0 
0) 
U JP 
Q 4 0 
6 CO 4) 
•H 
X! 
rH +J 
•d > i 
0) -P 
4J 3 
CO £i 
C I 
01+J 
c 
-H 
s 
<0 
o 
-H 
U 
< -
O - ^ cn 
+J H o 
I o 
O--
fM-
+J O 
W fS 
I 
tC o . 
O r>i O •• 
Z 
S 
I 
CM 
a 
I 
35 rH 
U 
04 
I 
o 
M C 
f*lD4 H 
O I •• 
Z O O 
(0 X (0 CO 
H - ' 
•H 
to 
I •• S 
rHOO 
fl) • >1 
CO (tn O o • 
•H z o 
i H ^ t * 
•H X i n 
(O Z r H 
o 
3 
tji 
0) 
(0 
0) 
•H 
« 
c 
• H 
O 
CO 
(U 
c 
0) 
3 
H 
0 
+J 
(1) 
M 
3 
O4 
0 
•H 
E 
VI 
0 
fci-H 
0 
S C 
0 <0 
• -p 
0 3 
CM A 
CO 
O 
- H 
H 
• H 
CO 
to 
•H 
CO 
+J 
cNwa 
3 5 s N 
O «. V % 
^ M x ; T3 
0) O E-t U 
64 * * * 
+ U O4 S 
CM * ». * 
^ C H rH 
> N <: EH 
c 
o 
o 
a 3 
fl) -O 
fc4 O 
•H 
z 
3 
U 
o 
u 
o 
u 
•rir-\ > 
z <c * 
«» * CM 
U X D 
^ ^ ^ 
c ^ s 
^a O4 ^ 
* M -
fl) 3 H 
t4 O H 
(0 
0) 
o 
c 0) 
u 
0) 
0) 
as 
U) 
+J 
c Si 
s £ 0 
u 
0) 
0) 
(0 
r: 
04 
0) 
H 
•^ J3 
0 
ii! 
0) (Q 
(0 
J3 
0^ 
> i 
M 
Id 
c: 
0 
• fS 
•p 
fl 
•p 
w 
(0 
r-i 
(0 
4J 
0) 
s 
CN 
T 
H 
0) 
M 
Q) T3 
3 
C (0 
0) H 
0) 
(i> at 
(0 (d -P 3. 
Q) -H 0) 
M M X> O 
0 , 0 ) 
C (0 
S £ 
oa 
• 
(0 H H 
£ 
•O G -d-H 
C 0 
(0 4J 
4J 
0) 0 
Cn O 
^ 3 C 
U H 
1 
( U H 
+J 
(0 U 
U 0) 
rd 3 
Qi 0 
<0 
•H 
u 
0) 
p 
10 
£ 
0) iH IW 
to —' 
0 -0 
^ 0) 
H -H 
•• ^ 
o^ '-» 
v r H 
H •• 
•• CT^ 
^ —, 
C 
UJ ^H 
0 
*—% 
rH (0 
. . 0) 
o^  M 
- ^ 3 
• ^ fO-» +) 
H O U X 
u z X X 
1 1 
H r-i 
0 0 
c c 10 (0 
X! X! 
+J +J 
U 0) 
1 
3 
1 H 
OrH 
M (U 
O O 
•H 
£ 0) 
C 
- O H 
0) H 
4J H 
(0 (t) 
0 -P 
O (0 
ac H 
1 £ 
H 
0 
"d 
a 
<0 
CO 
3 
0 
0) 
C 
H 
(0 
3 T3 
cr-H 10 
K 
O 
(0 
0 >1 O rH 
fi U 
Id <o 
04 C 
0 U 
M 0) 
a + j 
(0 
0) 
4J 
(0 ^ 
r - l jQ 
•H 
c 
<a 
CO 
M 
(0 
0 
•H 
+J 
Id 
u 
j j 
c 0) 
>^  0) 
0) tM 
a» c M 
0 
"^^^ id 
•H 
> 
<d 
a <1» H 
M 
0) A 
<i) > i (0 <d 
M M 0 N 
Oj O H ^ 
c 
s ^
 0) 
tu 
^ 3 
U 
n 0 
a> 3 
H 
•H 
"W 
-H 
E TJ 
ro 
•* 
H 
0) -C 
3 f^ 
cr 
•H 0) 
a £ JC H 
O -P 
0) 
•p -p 
c CP Q) 
C £ 
•H 04 
X3 0 
C H 
0) 0) 
O > 
to 0) 
< -d 
o 
•H -
M H 
0 •• 
<-* (T, 
Si -
O -H 
0 •• 
M 'a' 
-d V 
> i ' H 
x: •• 1 tn 
H •> 
0 
l^ H 
•P 
c 
Id 
0) MH 
> H 
0 (0 
-p 
to 
0) 
O rH J3 
c •• Id CM 
+J -^ ^ —s 
3 T3 <n 
OQ -H 
1 O • • I ^ 
C Id H 
o 
M X! 
£i -P 
3 H 
a» 3 
rH 
0 -d (0 0) 
0) X 
c Id 
(0 
0 
•p 
-H 
-H -H ja 
ui E 
c: 
O Ct4 
<ta ^ 
rH C 
< csj 
<^ ^ 
•H O 
Z U 
o 
0 
c 0 
•H 
+) Id 
V4 
(d 
04 
0) 
(0 
0) 
J3 
•P 
1 
C 
to 
•H 
0) 
M 
3 
•P 
X 
•H 
£ 
C 
0 
-H 
+J 
Id 
ro 
•• t^ 
H 
%-» 
r-{ 
U 
33 
• O 
c 
o 
o 1 
rH 
0 
c Id 
+j 
3 
O J3 
•«l« 
^ H 
•d 
c to Id 
0 3 
•H U 
P 0) o 
Id > H 
M rl 2 
(d P 
O4 Id MH 
0) 4J 0 
to H 
•P C 
to c 0 
3 Id H 
0 3 -P 
(u a' Id 
C H C 
Id E H 
•P 0) £ 
H to M 
3 (U 
E X I -P 
•H C 0 
• 
to 
u 
a> 
+j 
Id 
> 
(U 
+j 
to 
Id 
3 
C 
• r ! 
M 
CO Id -d u 
c 
0) 
M 
MH M 0) 
0 a> MH 
>H MH 
CO MH H 
C 3 T3 
0 XI 
•H » J3 
•P — +J 
3 S -H 
H in 3 
0 > 
(0 0 to 
1 a 
to H 0 
to 
3 
0 
0) 
3 
MH 
0 
to 
(U 
M 
cr 3 
10 
% to 
(U 
3 
3 • H H 
0 0 4J 
0 ^ 3 
3 rH rH 
10 
> 
cru 0 aa 
< X to 
H 
X! 0 
+J i3 
•H 0 
3 (u 4J 
0) Id 
to u 
0 0 
rH M 
3 > , Q4 
rH O. 3 
rH 0 0 
tU N M 
u Id 01 
* 3 
0 U 
u * 
>. -H 
c z 
)H '» 
u > 
^ ^ 
+ ro 
0) 0) 
t4 QM 
•P 
X 
•H 
£ 
0 
-H 
C 
• 
to 
c 0 
•rH 
•p 
•H 
to 
0 
& E 0 
0 
+J 
c 0) 
M 
0) 
10 M^ 
O^MH 
V4 •H 
Q4 0 T3 
If) 
^ H 
d 
0 u <-\ 
a 0) 10 
1 > , + J +J +J 
•H X) 
0) H 
-d c 
10 
0) 
0) MH 0) 
E 10 E 
0 
0) -P 0 x: 
E tt) 3 -P 
0) £ 0 
M 0 (M 
> en 3 -P 0 £ 
•H < 
p .. 
Id £i 
•P 04 
•H 
+J MH 
C 0 
10 
3 C 
cr 0 
•iH H 
E -P 
(1) 10 
CO C 
^ MH S 
0 0 
0 
(0 u 
to 0 0 
10 JC C M 
tl) Q4 0 MH 
E 0 rj 
H -P C 
10 4J 10 0 
0) 0 C - H 
U 0) H -P 
lO Q4 £ 10 
to H M • 
•P 0) lO (0 
0 T3 -P O4 C 
Q4 C tU tU 0 
to 10 "d to ri 
1 £ 
-d 3 
•H - ^ - H 
0 rH -d 
(0 •• 0 
H to 
C ro 0 - ^ 1 
0 3;j 
•H U 
-p * 
3 10 
H Z 
0 0 
to 0 
u 
to X 
3 ^ 
0 X 
<D 0 
3 0 
C P U 
< s 
1 
0) 
M S 
Q4in 
Jo 
H x: 
0) -P 
01-H 
:» 10 
0 -d 
•H 0) 
-H 4J 
•H lO 
CO C 
o-rH 
0 < 
u ^ 
«. 01 
0) < 
•+ 
3 N 
•H -d 
•p a ) H 
Q) 4J 0 ^ 
0 10 Id rH 
lO -P •• 
0) 0 rH 
* O H - ' 
10 10 £ 
Z MO) 
0 E 0 +J 
0 3 MH Id 
U H E 
rTd TJ M 
ac 0 c 0 CJ to Id MH 
1 1 rM 
Id 3 - N 
JH H fO 
3 0 0 
•P to Z 
Id ^ 
CO to Id 
3 OQ 
-d 0 
C (UMH 
Id 3 0 
CT 
rH Id to 
u c 
•«n3 0 
a: o - H 
Z -P -P 
X} 
04 
U 
u 0 + 
* Dvo M 
-H •>. 
z+ 
•<M 
c 0 
ISl > 
0 N 
2 : -
H -
£ rH 
H H 
36 
vO 
^ H 
JkJ 0 0 to 
fl c 0 to 0) 
3 0 H C » 4J 
H H 3 0 P Id 
+j cr H Id c 
* H +J +J 0 
0) "d M Id n -P 
3 C O M 0) 
o" 0 MH Id -P 0 
H O Q4 c Id 
C -P 0) l U H 
i3 E 3 to H >i 
0 3 0 10+3 
0) E 4) > 0) 
+> H -d > 1 0 
4J 0) H H 10 
D1O4A! -P M 
C O M Id +3 M 
•H 0 P H 
•d • 3 -H T3 (U 
c £ +> c x: 0) 0 0) c Id -p 
0 >-i 10 1 
to 0 0) 3 -H to 
< CN S cr TJ lO 
MH C 
0 H 
Q) O^TJ to 
H C C <D • 
•H H 10 > 0 
XJ -P •H•r^ 
0 to to +J -P 
£ H C Id 10 
to Q > <^ 
0 c i J H 
• H O VH M -P 
C 0 10 lU C 
Id 0 T3 fl) 
C71 to 1 U 
M 0) 0 M 0) 
0 to U-ri^ 
Id 'd 0) tH 
H J3 > , £ -H 
rH Q 4 I : -P -d 
0 
r-\ 
a> 
en 
Id 
0 
•H 
rH 
•H 
CO 
H 
H 
H 
% 
• ^ s 
H 
H 
,^ ^ 
c 
s: 
n 
(I) 
o 
c 
a> 
u 
0) 
a) 
OS 
37 
• P 
C 
0) 
g 
u 
0) 
Si 
a* 
0) 
•H 
O 
OJ 
0) 
(0 
n) 
£ ! 
CM 
> i 
U 
la 
c 
o 
•H 
•P 
(0 
4J 
to 
r^  
^ 
en 
(0 
(0 
O^+J 
c c 
• H Q) 
(0 > 
H 3 rH 
<0 0 
4J 0) (0 
a> u 
e 3 en 
4J C 
»H X H 
0 - H a 
e 0 C H 
0 g 0) 
•H 0 > 
4J M 0) 
<0<« T3 
M 
n m u 
a « c D 
0) 0 0 
co•r^ M-i 
^ 
> i 
Q4 
• 0 
o n 
1 C 04 
r-i 0 1 
0 O C 
JC5 1 -
0 (0 ^ 
U ••-> H 
iH 10 •• 
ro -P o 
Q) ro 
rH O •• 
>1 fl O 
Oi H 
0 -H • - ' 
1 
0) 
a 0 
M 
0 
r H 
J3 
O 
•H 
XJ 
1 
<-t 
0 
x; H > i r o O 
04 £ O o 1 4J Z rH 
C 0) 33 n) 
, 
rH C 
>1 fl 
CU M 
0 3 
^ 1 T3 fnv^ E %* 
fO-H rH > i O 04 3 0 
O " O JC Z 1 <U U 
Z O J 3 C ' 3 3 G r H - O 
K rH 0 <0 • '. 0 > i 
•• O 1 O - s M i3 
• O rH 0) C H +J m 
O r O f O C 0 " < 1 ) > ^ 
C <• «0 U i n Oi -P 
0 rH rH X 1 rH 1 0) 
O •• > i <U rH •• H -P 
1 O Q J J G 0 i n 0 1 
( U r O O O X l r H X j M 
C •• V^  rH 0 •• 0 (1) 
< 0 O 0 4 0 0 O U J 3 
J3 rH 1 > , r H <N rH -P 
4 J - ' C O fl>-'(00) 
-^» 
H 
• • 
ran 
O H 
z •• 
a in 
• H 
o •• C in 
0 OJ 
U - * 
to 
•H 
to 
> i 
^-^ (t) 
c 
<0 
0) 
> 
• H 
4J 
rt) 
•P 
• r | 
rH 
(tJ 
3 
a 
1 
1 
CT> X 
0 
M 
CU'Zi 
e > i 
•rl J3 -d 
H Xi 
0) +J 
0>-H 
(0 s 
O X> 
•H 
r H 
•H 
to 
0) 
•p 
(0 
c 
•H 
O 
(tJ 
O 
• H 
0 
N 
c 0) 
x» 
3 
0 
>4H rH 
e 0 M 
0 <0 
M (1) > 
>w O 
C -P 
C (1) (0 
^3 (0 
a> to 
<4H ^ C 
0 04 0 
•H 
C (1) C 
o x: (0 
•H 4J 
•P C 
fl C -H 
M H <a (0 -P 
04 U 
Q) T3 Q) 
to u o 
CP 
c 
• H 
c 
•H 0) 
(0 C 
U 4J H 
•H C g 
C 0 (0 
(tJ O rH 
cn >i 
M to 4J 
0 -P 3 
C X I 
•O 0) 
<a > • 
X rH O 
•H 0 0) 
S to to 
r-\ 
0) 
t3l 
(tJ 
o 
• H 
r H 
•H 
to 
0) 
rH 
(tS 
to 
MH 
o 
to 
0) 
3 
C 
o 
rH H 
(tJ -p 
> 3 
B O 
04 (0 
O 
i n 
c 
H E <*> C 
•rl • 18 
0 
0) 
u 6 
n 
9) 
u 
0) + 
3 4J 3 * N 
tji c Q< 0) 
•H (U fo 
C E fl> 
x : Q i H iH a 
4J 0) (0 C 
> tn O 
01 0) -H 
C -O * -P 
•H C (0 
( D E E 
O O „ 
to o o (1) Q} 
< rH CO CO fa 
rOTf 
O 
04 
I m 
O 
CO 
I 
O 
to 
(0 
c 
o 
•H 
u 
«J + 
or> 
V4 
CQ 
I 
I 
o 
o 
u 
n 
u u 
rH Q) 
O C 
C 0 
4J 0) rH 
3 > ; " 
^ CO 
rH » 
C > i n 
•H £ •• 
+J rH 
BE ft) -
O E rH 
O 
U rH CM 
x: r^ 
2 -P •• 
O ft) rH 
O 
ft) 
itJ 
u 
CO 
0) 
r-{ 
XI 
E-t 
+J 
C 
o 
u 
(0 
r-\ 
(0 
+J 
ft) 
2 
0 
u 
•rt 
z 
ft) 
fa 
XI 
04 
c 0 
•H 
•P 
•H to 
to rH 
C It] 
flj -P 
3 
CJ 
^ 
-o 
o 
^ 
a 
e>3 
•O 
c 
ro 
H 
M 
<.».^  ft) 
fa 
^^  
H 
H 
M 
^^  ft) 
fa 
(0 
0) 
u 
c 
0) 
M 
Q) 
(1) 
38 
0) 
c 
a; 
e 
E 
o 
u 
i n 
c 
tr o 
c -M 
£ CO 
u c 
•p e 
10 
C 0) 
•H 
•o » 
C E 
0) U 
o 
to o 
< 
I 
c 
8 
c 
o 
o 
0) 
Q< C 
g (0 
to rH 
<u 
o -
c 
o 
•rt 
0) -P 
0) H 10 
•H O (0 
• p o u n d ) 
to C 9) 
(0 14-1 0) £ 0) 
O CD +) 
U-l 0) 
O S »4 C 
c c c 
(0 O 
+) 
c 
o 
c o 
O -H 
c 
o 
•H 4J (U C -P 
»w (0 
4J 
(0 
0) 
(0 
10 3 
•P (0 O4 O n 
E 
o 
M 
o 
I 
(0 J 3 
s 
o 
o x: 
U -P — 
> •• 
•d o 
u 
>W C •© H 
o <o u « 
in 
c 
^ E 
o 
0) V4 
tr > 
•H -H -H 
C -P Z XJ £ 10 
O 4J 
(D-H 
c 
D^ 10 
c d 
o no 
c 
C (0 
o 
•H -O 
^ <U E 
•H cr-p o 
c 
0) 
(0 
u c 
(0 N 
O O Qi 
n o v o ) 
CO 
i n 
c 
S s 0 
« a ) - H 
0) E -P 
:3 13 (0 
crr^ c 
•H 0 -H 
C > E 
x: S 0 0^ X 
0) C V 
+> -H 
•0 -
D^ fO 4J 
c o o 
•H iH Qj 
• 0 0) 
c » (1) g iH 
0 0 3 -
u 0 
< r-H i n 
10 
C 
•H 
^ § 
& (0 
(0 
m »w 
0 
IM 
0 0 
0 
s c Q4 (U 
to 
tM 0) 
0 u 
a 
•p 
0 Q) 
Q) x : 
«H +J 
m (U 
•0 
«M C 
0 10 
c 0 
0) 
ID 
5 i 
Q< 
> i 
M 
10 
C 
0 
•H 
+> 
10 
+J 
to 
(U 
x: 
+> 
c: 
•H 
E 0 
U 
U-l 
f 
n 
> 
<M 
0 
c 0 
•H 
*i 
10 
M 
10 
Qi 
0) 
n 
0) 
X! 
4J 
• 
+ u> 0 
s 
•0 
c 10 
+ vo 
s 
(U 
in 
to 
x: 
(U 
X5 
o 
0) (0 
to 
x: 
(I4 
> i 
«o 
c 
o 
•H 
4J 
to 
+J 
» 2 
m o 
I 
o in 
r-i 
C 
w 
o 
o 
u 
2 ro 
<0 to 
o 
o 
u 
m • 3 o O * 
3 I 
cr o 
S cn «w 
o •• O 
• H 
iH » m 
I rH it 
lO •• Wi 
Z CM 3 
O »+) 
O M X 
U •• -H 
rcH E 
2 
o 
- I 
U 0) 
' • r « 
u 
to c 
z -H 
men 
O O 
•• • rH iH 
m iH ^^ 
2 <T> 
o i 
o ^^ 
U t J H 
•• (0 C • 
OI Z <0 o 
V4 
CQ 
u 
o 
o « 
to 
M 
c 
0) 
o 
0) 
10 
o 
Vi 
0) 
c 
o 
•p 
0) 
o 
to 
•o 
c 
•o 
o 
to 
01 
rH 
to 
2 
z 
% 3 
U 
>, 
Di 
< 
» 
«+ 
c tS] 
% T3 
U 
^ 0) 
b 
iH 
H 
% 
•H 
CQ 
^ C 
2 
i-\ 
< w 
+ CMCNJ 
0 
D 
^ XI 
Ot 
% 
M 
N 
^ u\s: K EH 
» r H CQ 
O < ^ 
U »X> 
- ^ u -
H " 
H C rH 
H N EH 
b u s 
« ^ ^ 
OJ-H D> 
b z <: 
" * 01 Di 
U fe H » » 
C ^ H » CQ 
N > w + 
« M (I) vo ^ 
O w f e o (i* 
U > * 2 ^ - - ^ 
., « CM M - > 
•r« 3 O X: rH w 
Z O O EH EH > 
(0 
0) 
o 
c (U 
u 
0) 
M-l 
0) 
ex; 
in 
H 
IT) 
in in in 
39 
00 
in 
CO 
c 
i 
O 
u 
to 
m 
(1> 
iH 
•H 
XI 
o 
<0 
m 
<a 
s : 
u 
(0 
c 
o 
•H 
4J 
(0 
+> 
to 
m 
(0 
+J 
0) 
s 
c 3 
M 0) 
+) > 
« C -H 
0) 0) -P 
=) £ <0 
0*04 +J 
•H 0 -H 
C i - I i-H 
£ <1> (0 
O > !3 
Q) 0) D* 
JJ-O 
^ 
XT' ^ £ 
c e c< 
•H O 1 
-0 H 
C CM 
(UrH 0) 
o 1 e (0 O -H 
1 
n 
•0 (0 1 
•H 3 o 
O 0 rH (0 0 ) ^ 
3 
0 0" 0) 
• H (0 4-> 
E (0 
s^g 
« « S 0 
O M-l 
t O M 
3 1 e 
on 3 0)1 -H 
3 o "O 
• (0 
c 0 
•H 
4J 
(d 
IH 
(0 
04 
0) (0 
U-l 
0 
XJ 
c 0) 
•0 
c 10 
(0 -P 00 
(0 "0 
0) 
V4 
3 
+» X 
•H 
g 
•0 
•H 
O 
10 
E 
M 
• • 
Ol 
^ 
0 ' * 
(0 (M 
O 
H 
E 
E 
• • 
vo 
^ 
3 ^o 
•H • • 
Vi •0 »* 
0 
C «M 
to 
-^^  
t T H 0 S 
< ; - ' (0 
•a iw 
0) 0 
•0 (0 n 
0 01 C 
rH C 0 
•H -H 
rH > i +) 
0) M 10 
D)<0 U 
> JJ 
« c O > i Q) 
0 ^ (Q r-i 
• • 
S S r H 
O 
• 
O 
• 
i n rH rH 
<u 
c 
-rl 
E 
10 
rH 
> 1 
+J 
3 
•H JC O ^ 
rH+J C 
• H ^ 0 
to ? o 
3 r H » 
U < XJ 
«: N '^ C o ' 
2 S r H 
» = ? H 
ova " U U £ 
* - E - t 
-H C -
•H 
^ 
+> 
U 
S N t P N 
> » < 
<1)-H > *• a» |i< CQ S S 
C 
•H 
• 
0 
•H 
+» 10 
U 
CM 
• • 
CO 
C 
3 
M 
0) 1 
Xl-f 
<U + J ^ 
»x: 0) 4J 
3 
tr c 
^ 0 
c Xi to 
U 0) 
0) -H 
+> -d 
3 
c 0 
CO 
c 
o 
•rl 
c 10 
cn-P UH 
G to 
•H 
•0 > 
t= ^ fl) 0 
o 
0 
4J 
o 0) 
MH 
to O »4H 
< rH 
1 
10 
+> 
(1) 
C 0) <0 
0 C 
O -H 
E 
t o <o 
0) rH 
0) 
rH 
H 
g 
I4H 
0 
G 
0 
•H 
+J (0 
+ 
"» 
u N 
1 
+ 
"^ 
x: EH 
T3 
C (0 
(0 
H + 
flCM 
a 0) 
to 
o D 
1 
+ 0 ) ^ 
JS 
•p 
u 0 
• r l rH 
+> 0 
>H > i to C 
3 i : •H 10 
+• 4J - o x : 
X 0) +j 
•rl E Ta 0) 
E - H 
•o > i 
n en lO C 
C -rl 
•rl C 
PQ •rl 
O 
r-i 
0) 
en 
(0 
O 
•H 
H 
•rl 
CO 
CS 
O 
D 
% 
J2 
E-« 
« 
M 
tsi 
C E (0 
^ 
32 
^ 
u 0 
•p 
Q (0 
'^ "^  
M 
SI 
1 
3 
4J 
X 
•H <• 
e !^  gj 
> i Q 
IH 
1 
rH o •H 
> l E 
X! (0 a>4J 
c c M •rl 
0 C 
4J -H 
(0 
» 4J 
rH C 
0 0 
S " 
4J to 
3 (1) 
> XI H 
0) 
V4 
0 
» 
<u 
c 0 
V4 
0 
IH 
-0 
c (0 
0) 
+J 
m • 
4J -P • « 
8 
10 
(1) • H 
o o 10 <0 
> i 
Qi 0 
o to > i 
0 £ 
U Cu 
4J fO 
U H 
0 o^ 
04 0 
to -P 
- <0 
CO E 
•rl 0 (0 M 
0) £ 
x: o 4J 
c -o > i C 
Ui (6 
CV) 
rH 
u r>) 
s 
u 1 
r-i 
0 
c--fO <T> 
x: a\ 
+J •• 
(D rH 
a - -
r-\ 
o D1 
(0 
o 
•H 
rH 
•H 
w 
» H 
- ^ H 
H H 
H >^ 
H 0 
^-^ &4 
n * U ' - ^ 
- H 
O H 
> H 
^ ' i w ^ 
0 C 
u s 
c 0 
•H 
+» 10 
h 
10 
Q4 
0) 
CO 
<1> 
> 
•H 
4J 
10 
E 
* 
CO 
C 
0 
H 
O r H 
h (0 
MH -P 
.P + 
• r l M 
+J 
c 
<a 3 
1 
o 
m 
a Q 
>"-% 
S 
o 
• 
rH 
1 
^ 
1 
o 
r-{ 
S M * ' 
3 
n: 
MH 
0 
CM 
• • 
n 
^ 
rH 
• • 
^ 
^ 
0 
• • 
iH 
• « — ^ 
0 
E 
u Q> 
x: 
+) 0 
n 
0 
Z 
tc 
2 
rH 
• 
0 
1 
0) 
c 
«0 
nx 0 
Z 
K 
C O S 
O 
Z 
tc 
> 
rH 
• 
0 
H + 
>~^ 
u tsi 
0) 
Q) 
tH 
MH 
M 
<1> 
•o 
c 
•rl 
(Q 
3 
< 
^ 
+> 
CL< 
^ 
S 
^ 
•o 
C14 
V 
3 
0: 
ffi 
C 
•rl 
a> 
+) 
10 
c 0 
E 
•rl 
+» 
c 10 
0 
•H 
•0 
'-^ 
• < * 
• • 
rH 
0 
r-{ 
Q) 
cn 
10 
0 
•H 
rH 
•rl 
to 
v 
E 
V4 
0 
IH 
CNJ 
0 
D 
Xl 
c 10 
0 
2 
• 
"* 
• • 
rH 
« 
n 
•• 
CM 
% 
CM 
• • 
CO 
H 
r^ 
• • 
^ 
^ 
0 
• • 
rH 
" f c ^ * 
> 
H 
—> 
u ISl 
IH 
f"^ 
r-\ 
•• 
•0 rH 
c (0 •-^ 0 
0) rH 
0 +> 
0) 
^ 
.p 
10 
c 0 
E 
•rl 
X +> 
•H 
E c 10 
(1) 
cn 
10 
0 
•H 
rH 
•H 
to 
"S . 
•H 
S 2: 0 » 
•H rH 
•p rt: (0 » 
U tJ 
« u 04 
Q) E A 
CO 0 04 
V4 
0) MH 13 
> C 
•rl '-» (0 
4J H 
0 H {71 
0) H < 
r-i>^ ^ 
Q) H (1) 
to tH 1X4 
r^ 
0 
c 10 
4J 
3 
X5 
1 
•0 
•H 
0 
(0 
0 E 
•H (U 
E ^ J 
>4 CD 
0 > i 
1X4 CO 
1 
CnE 
0) 3 
H - H 
04*0 
£ 0 
• H CO 
rH £ 
(U -P 0) 
D^^H +> 
> 10 
«o "d 
0>C XJ 
•H <U > , 
rH +> H 
•H (0 0 
w c g 
to 
c 0 
•H 
rH 
<0 
+i 
0) 
2 
(0 1 
0) 
o 
c (1) 
u 
0) 
U-l 
V 
on 
tn 
+> 
c (U 
a E 
0 
u 
0) 
(0 
m 
J2 
CM 
a) 
i H 
•H 
ja 
0 
s 
0) 
(0 
(0 
x: 
cu 
> i 
M 
(0 
C 
0 
•H 
•P 
(0 
4-> 
CO 
(D 
t H 
Q) 
S 
o^ 
i n 
i H 
c 
0 
•rl 
4J "0 -P +> 
•H 
+J 
>-l 
ro 
a 
0) (0 
c 
« 
n 
c 
0 
o 
0) 
IM 
U-l 
0) 
-H m 
«J iH 
£ « 
a ^ 
•o 
0) 
CO 
M 
0) 
> 
a> 
tf 
n 
c 
0 
+J 
3 
i H 
0 
0) 
m 3 
0 
(U 
3 
0) 
e 
<« 
0 
u 
H3 
H 
0 
3 
0 
0 
--^ 
s (N 
• 
O 
1 
H 
c 
0) 
3 
4J 
•H 
+J 
n 
0 ^ 
c 
0 
•H 
+J 
(0 
3 
0) 
0 
I-I 
0 
C rH 
•H £ 
1 o 
X «-l 
0) 
1 
0 
0 
i H 
0 
1 
•H 
-d 
1 
0 
c 
0 
E 
^^ 
£ -O 
o 
•0 
c (0 
O "O 
• 
c r o 
< 
o 
i H 
<1) 
cn 
<a 
o 
•H 
i - i 
-H 
z 
M 
H 
H 
^-^ 0) 
b 
^ 0) 
b 
^ • ^ 
3 
o 
c 
s 
^ X) 
Ou 
c 
tJ 
0) 
+> 3 
^ 
-H 
+> (0 
•H ^ 
o )0 
3 
CO 
• 
0) 
0) 
3 
f H 
10 
> 
VM 
« 
c 
0 
m 
Q. 
3 
0 
M 
Di 
o 
•H 
o 
m 
^^ 
-o 
8 
r 
TH 
• r t - ^ 
e o 
f3 <o 
o 
vo 
r-l 
*4-l 
0 
m 
o; 
t H (U 
•Hx: 
1 
•H 
> 
•H 
4) X> +> Tl 
+> 10 
4J +) 
o 
Q) 
U-4 
M-l 
0) 
c 
0) 
O 
10 
^ 
£ 
+J 
0 -O 
(0 
0) 
•H 
•rH 
> 
0) 
• 0 4J 
3 10 
+> r-l 
cn 
I H 
o 
tn 
c 
0 
•H 
+> 3 
i-i 
0 
(0 
(Q 
3 
0 
0) 
a 
(U 
+ j 
(0 
4J 
0) 
O 
fO 
e 3 
•H 
3 "d 
CP O 
< 
o 
r-i 
Q) 
a> 
•0 
o 
•H 
i H 
•H 
c 
s 
c 
tS] 
^ 3 
u 
•H 
z 
CO 
0) 
b 
0 
E 
C 
•H 
c 
c 
0 
(1) 
C 
•H 
0) 
J= 
E -P 
•H 
0 4-) M-l 
•H 
+J "0 
fO 
M 
+) 
c 
0) 
o 
c 
C 
(0 
^ (I> (0 
(0 
0 s: 
o 
0 
CO 
a) 
3 
rH 
(0 
> 
+) 
1 
(0 
0 
•H 
S rH 
rH 
• 
CO O 
0) 
iJ £ 
^ 
CO 
c 
0 
•rH 
4J 
ro 
0 
rH 
(0 
m 3 
a o s •0 
•P 
•H 
> 
C 
0 
•rl 
•P 
(0 
M 
«0 
Q* 
04 
(0 
^ 
(0 
M 
(0 
04 
3) 
CO 
0) 
fi 
iJ 
0~ 
+> 
(0 -0 
•p 
• 
CO 
0) 
C r H 
•H 
CO 
C 
0 
•H 
04 
g (0 
CO 
V4 
0) 
O r H -P 
(0 £ 
4J 
0) 
o 
ro 
E 
3 
•H 
di-o 
0) 
CO 
0 
CO 
(0 
• P + J 
(1) 
E 
0) 
E 
MH «M 
0 
c 
0 
•H 
0 
C 
(0 
> 
rH 
rH 
0) 
^ 
0) 
0 Si 
•rl 
+J +i 
3 
•P 
rH 
VO 
H 
C 
•r) 
3 
+J 
c 
8 
c 
0 
0 
> l 
U .Q 
IM 
0 
c 
0 
•H 
•p (0 
V4 
to 
E 
3 
•H 
C (0 
•p 
•rl 
•P 
0 
U 
Oi M 
0) Q) 
CA I H 
(0 
•P 
dP 
•P O 
rH 
0 
c 
10 
in 
1 
C 
(0 
^ 
O, 3 
0 m 
u 0 
O4 V4 
0 - 0 
CO 
U 
H3 
EH 
4J 
C 
0) 
•rl 
•0 
« 
V4 
01 
c 
0 
•H 
+J 
(0 
M 
^^ 
n 
•• 
0 
04 
•• 
0 
vo 
—' 
n 
0 
> i Z 
H JC 
(0 
0 
•H 
f-i 
•H 
CO 
1 
0) 
1 
rH 
>1 
0 
rH 
C rH 
-rl ro 
3 -H 
U EH 
rc 
(NJ 
VO 
rH 
1:^  -^^ 
4J $ (J (0 
C .P <0 Q4 
0) m 0) E 
E CrH 0 Q4 CPO 0 H 
0 0) ^ 
rH JH » 0) 
0) Q4 CO (H C 
> E >H 0 0 
0) •rl (I) E 
X) > i C 
rH <0 "0 0 
H U •-< C -rl 
(1) ^ <0 -P 
•P K rH 10 
M Z 0) C E 
0 0> 0 >H 
x: c •rl 0 
CO 0 <0 -P >u 
0 0 
£ 4) •H (I) 4J 
0 E •-• -P 0 
3 -H •H 0) Q4 
S -P m T} CO 
>H 
s 0 0 
0 •H 
» • S H E 
H rH rH (Q M 
0) ' Ui 0 
•P » 0 «H (O-O S 
> -rl » iH S 
0 "-I • 0 
t J 10 U 0 • 
Q) «0 1 rH 
N 0 Z TS 
• r l arH • r l % 
rH E M 0 - - • 
(0 >H 0 (0 
>H 0 CTl 
(1) IW H 0 •• 
C « •H H 
•H S » E - ' 
E H M C 
<1) . CQ 0 H 
Q O « MH {ij 
0 
UH 
iH X: CO 0 
4) .P 3 
DirH .H 0 CO 
0) ^ 0) C 
<0 &1 3 0 
0 "O ty^H 
•H (0 (U <0 -P 
rH 0 +) 3 
•rl -r l lO S rH 
COrH C 0 0 
•H D^ • CD 
C CD (U rH 
•H H 1 +> 
rO TJ Q4 rH rH 
rH C E • fl 
04 (0 •rl 0 CD 
•H XJ 
Z CI4 ^ ^ O r H 3 
U EH U 
^ ^ « rH "O (1) 
< U fc 
CM 
0) 
(0 
o 
0) 
0) 
41 
(0 
c 
0) 
e 
o 
u 
Si 
<0 
H 
• 
•o 
+J 
c 0 
u 
m 
.-1 
(0 
+• 0) 
s 
(U 
03 
(0 
x: 
> 1 
u 
n 
c 
o 
•H 
4J 
(0 
4J 
W 
+1 
c 
s 
n 0) 
f-l ID 
n 
V4 0) 
n 
0) 
+> CO 
+> -H 
0) 
a u 
-^ *m 
a> m « 
0) U 
(U C 
> i 0) 
10 £ 
a) 
en 
to 
o 
0) 
c 
t4 
C 0) 
10 0) 
<d (0 
V4 
0) 
M 
c ^ 
to 
0) 0) «w ^ O i 
> 
0) S H O 
in 
4J -P <H 
•H 3 
X3 -
O H 
•p 4J >t: 
c 
•O (0 M 
0) C O 
M CP»H 
(0 0) 
04 M 0) 
e cu 3 
O E M 
(0 
6 c ro 
•P «0 +1 
(0 0) 
> i + E 
CO CM 
0) 
4J d^ 
H 
CQ I 
« TJ 
•H 
2 O 
O RJ 
• 
I -H 
73 E 
•H M 
o o 
O -P 
CO (0 
1-1 
(0 
u 
en 0) 
c > 
§ 
u 
Q CO 
+ 
Q) J- ICSl 
c o => 
P »H U 
u 
+> (0 
CO 0 4 
I 
• H 
c 
p O • 
V C U 
> i O 
^^ -H "O 
O -P C 
> n) nt 
•H H 
U <0 C 
0) 04 t^ 
Old) . 
n 0) o 
0) b 
H O ' 
> d 
CO -ri <: 
C +) -
O «} r-l 
•H +J H 
0) 
CO 
(0 
J2 
04 
0) 
•H 
XI 
0 
2 
u ^ 
^ 1 ^ 
X 
2: 
^ rH 
o (0 
z 
2 
o 
• 1-1 
1 
•0 
-H 
0 
Id 
•• CO 
* en 
• • 
r-{ '-^ 
— rH 
• • H <Tl 
Ui 
•0 
V4 C 
0 Id 
U fO 
CQ •• 
« r ^ 
U 
» 
iH 
U "O 
Id c 
z Id 
Id 
+J 
E n 
5 3 
IM C 
•H 
+ 
CM "O 
33 
IH 
o 
>1 
u 
0) 
> 
0 
u 
0) 
03 
Id 
u u 
0) (1) 
+1 -P 
(0 Id 
U 0) 
O -P 
> CO 
• H Id 
0) 
c 
o 
+J 
0) U 
0 0) 
Id 4J 
1 Id 
0) ^ 
•P I 
Id "d 
•P -H 
0) O - ^ 
O I d i H 
Id •• 
O '* ' 
>. E r -
£ H •• 
•P O 00 
I 0) 
o c x; 
•H 0) T ) 
(0 4J £ M C C -H +> p Id 
IH 
3 
0) • O C " 
a t Q) 
C -H M-l 
Id 
M 
0) e 
^ c 
o 
•H 
4J 
u € 0) Id 
•P U 
o Q; i7» 
H "O O 
c 
o 
•H 
Id 
c 
Id 
3 
O 
Id o 
•H 
(0 4J 
Id Id 
> c 
•H 
•O E 
O U 
x: 0) 
2 
o 
I 
•H 
U 0) 
Id -P 
Id 
o +> 
c 
» Id 
u 
4J 0) 4J 4J g £ V 0) 
4J E - O 
CO 
0) 
S 
c 
Id <u 
M n 
0) Id 
•P > 
Id 
c 
C -P 
3 Id 
O rH 
n a. 
Di O 
M 
C +J 
•H U 
(U 
XJ rH 
04 <U 
m 
>1 
CO 
•H 0) 
0) Id 
o 
Id E 
2.S 
CM "O 
• o 
O CO 
•0 
0) 
+> Id 
(U 
V4 
+> 
T3 
•r» 
o 
< 
H 
0) 
D» 
Id 
u 
•H 
H 
-H 
CO 
• 0 O 
C 1 CO 
Id > i 0 
ac o 3 XI rH 
iH H r H 
(U Id 4) 
tJ> O O 
Id E r H 
O 3 >1 
•iH -H £ 
rH -O +> 
•H 0 0) 
W CD E 
-H 
z 
^ 12 
04 
^ CM 
tJ> 
X 
^ cn 3 
K U 
X} 
04 
^ O 
u 
^ 
•o 
o 
^ 3 
u 
42 (Q 
0) 
o 
c « 
M 
(U 
0) 
« 
(0 
•p 
c 9) B 
B 
0 
O 
0) 
(0 
(0 
£ 
CL4 
0) 
t H 
•H 
^ 0 
2 
(U 
03 
ns J3 
CL4 
> 1 
V4 
(0 
c 0 
•M 
•p 
(0 
+) 
w 
i n 
VO 
i H 
0) 
c 0 
•H 
+i 
•0 
u 10 
Q< 
0) 
0) 
0) 
> 
•H 
+J 
<0 
+i 
•H 
i H 
« 3 
o 
1 
O 73 
fNJ 
iH 1 
> i Q) 
c (0 
,-^  
x : c 00 
^ 0 
(1) +) 
E 0) 
rH 
• • i n 
--^  
rH 
• • 
i n 
1 Ai .H rM 
rH • • 0 iH O 
C > i O 
nJ +J rH 
•P 3 • • 3 ^ o 
• • 
o 
o 
r-\ 
• • 
o 
CQ 0 «* ^ 
1 (0 i-l 
C -H 
•0 
'*—' 
d) O 
Q) -H 
C M-l 
•H -H 
^ T) 
H 0 
(0 e 
•p 
(0 a) 
rH 
Q) 
CP 
(0 
O 
•H 
>1 0) rH 
M 0 
O rH 
0 3 
H rH 
0 H 
•H 0) 
s o 
•H 
(0 
x: 
+) 
•H 
5 
,-\ 
>—<' 
<x> 
VO 
1-i 
u 
«o • 
• 0 
c 
10 
f 
Cu\o 
Q> 
CD 
t - \ 
0 
s 
« 
+ nj VO 
3 
+> 3 
? 
^ 
f 
E i n 
0) 
> 
•H 
+> O 
(1) 
«tH 
MH 
U 
rH 
0 
c 
(0 £ 
+J 
0) 
>H 
0 
(0 
(U 
V4 
3 
+) X 
•H 
s 
0) 
3 
0 
U 
0 
04 
^^  (U 
E 0 
IH 
£ 
O 
> i 
r^ 
O 
Cn 
> 
MH 
0 
(0 
•3 
C 
(0 
5 (1) 
1 
rH 
U 
K 
2 i n 
• 
o 
x: 4J 
•H 
> 
c + 
or-
•H 
4J 
r-i 
u EC 
M 
0 
t - \ 
u (0 
z 
•o 
c (0 
1 
•H 
•p 
u la 
CU 
ItH 
0 
u m 
E 
> i 
H 
0 
Qi 
^ 
4J 
C 
<0 
3 
rH 
(1) 
~^ 
rH 
• t 
0) m 
« 
o 
'* 1 
o 
' • ^ 
c 
o 
•H 
+J 
(0 rH 
c 
•H 
rH Xi 
% 0) 
N 
•H 
0) 
a> rH 
O 
E 
0 
> i 
C 
•H 
> 
> i 
O rH 
c 
•H 
^ -
E 
3 
0 H 
a , 0 
£ 
+> 
-H 
» 
JC 
0 
o f-t 
ro 
r-
V£> 
rH 
HH 
0 
<U 
M 
3 
+) 
X 
•H 
e 
MH 
0 
c 0 
•H 
+J 
(0 
M 
(0 
Q4 
0) 
U) 
O 
• H 
rH 
0 
c 10 
s: 4J 
(1) 
E 
1 
CO 
3 
0 
0) 
3 
CT 
C 
(0 
(0 
0 
+J 
•H 
X! 
U 
•0 
C3 
(0 
c 
•H 
+J 
•H 
x: 
u 
c 
•H 
4J MH 
•H 0 
x; 
o w e 0) (0 
C 3 W 
0 0 
0) 4J 0) 
m rH .rl +1 
c i j x : 
O - H 0 
•H m 
03 "0 
O 0 C 
•H a 10 
c > 
n) (0 c 
01 H -H 
U 0) -P 
0 > i - H 
c «o x: 
(0 
10 
^ 
u 0) 
+> (0 
^ 
10 
0) 
(0 
C "0 
•rl 
m M 
0) 
c (0 
• CO 
E 0) 
+> CO 
> 1 
(0 
CP 
c 
•H 
> l 
U «4H 
(U 
>.+> (0 
•H rH 0 rH 
> 0 
« ' H E 
rH +J E 3 
•• Q) 3 
« (0 C 
rH Q 
" H E 
rH 0 E 
•^^ (fl 
(0 
w -H x : 
C C -P 
0 0 -H 
•H 
0 
E 
(3 
VH 
0 
0) 
•H E > 4J 
3 i T3 
H -H 
0 'H O 
to 0 (0 
10 
u 
+j 
•H 
c 
•0 
» 
• 
CO 
0) 
CO 
(0 
o 
V 
E 
0 
CO 
c 
•rl 
0) 
4J 
<0 
+> (U 
o 
ro 
•H 
V4 
3 
a 
00 
«x> 
rH 
• 
C (0 
0 1 0) 
•H CO H 
4J 3 a 
8 1 1 
4J -H m 
0) 
• 0 C H 
.r4 0) 
•O -P 
C CO 10 
"^^ 
C H -P 
0 (0 
•H rH «J 
•P (0 > 
(0 4J 
n 0) rH 
(0 £ 10 
d -H 
0) MH M 
to 0 -P 
m 
o "d 
c CO (0 
c 0 0) 
•rl +) 
•P (0 <1) 
3 C -P 
rH 0 "0 
O rH rH 
CO (0 (0 
E E to 
:3 g E 
O 3 3 
<D •H •H 
3 "O "O 
O" 0 O 
!< CO m 
o 
rH 
0) 
Di 
«0 
o 
•H 
rH 
-H 
en 
0\ 
VO 
H 
UH 
0 
> i CO C 
•p 0) a 
•H 4J » 
rH (0 0 
• 
« 
•H C U -P 
0 X} (^ 
E M 0 
lO 
0) u to 
x : 0) 
+J » + i 
to (0 
C 0) MH 
0 "0 H 
•H 3 
ro 
01 
H 
+J 
01 
0) 
> 
C 
•H 
•rl 
> i M CO S 
•O 0 
3 rH "d -0 
+) x: c (0 U 10 
1 
•0 a 
c - -(0 
to - ^ 
H C CM 
(1) 0 • 
+J -H 0^ 
(0 -P 
> 3 TJ 
rH C 
•0 O (0 
(U CO 
r H CM 
H >H • 
•rl a) r-
4J MH « 
01 *W CN4 
•H 3 • 
D ^ in 
E 
«o -o 
0 0) 
rH > 
•P 10 
C 
ro 
rH 
•H 
0 dP 
01 i n 
H > i r H rH XI 
^ «o o 
01 rH 0 
O 4J 
K 
(U 
+ j 
ro 
c 0 
ro +J ^ 
U -H 
3 S 
> i 3 -P " 
rH - 0 (0 
rH C 
«0 (0 * 
u m 
ro -0 
C 0) 
•H 
» MH 
3 E rH rH -H 
+> ro -H 
ro 0 0 
Z rH CD 
•H -O 
0 0 
03 e 
M 
ro 
U 
E 
3 
•H 
O 
r-\ 
to 
O 
01 
r-i 
ro 
+ i 
0) 
2 
3 
« 
% +J 
i:i4 
^ 
XJ x : 
cu d^ 
X V 
3 M 
< H 
o 
2 
0 
u 
X 
3 
u 
X 
•H 
2 
X 
en ffi 
% 
v7» - d 
< o 
c CS3 
3 
U 
-ii 
^ % 
0) ^ 
UA (U 
c 
2 
•H 
« 
o 
o 
(N 
Q) 
XI 
<0 
EH 
• 
T3 
-P 
C 
o 
u 
0) 
i H 
rO 
+1 
0) 
s 
(0 
o 
§ 
M 
(U 
(U 
CO 
c 
i 
e 
o 
u 
(U 
CO 
10 
X! 
P^  
(U 
r-l 
•H 
XI 
o 
s 
to 
x: 
> 1 
M 
(0 
c 
o 
• H 
+J 
(TS 
+> 
W 
43 
0) 
4J 
i n 0) 
V4 
x: +> 
+ j 
• H t-H 
> . H 
0 
• 0 CD 
0) 
-H £ 
E CO 
• H > i 
0 r^ 
CO *U 
n 
8 
rvj 
Q f n CO 
^ -C <3 := ^ 
M 0) - - 1 -3 
0 4J 0 C i rs] 
(0 c Q) jg 
«J - H i*P (0 4-» C 
+J -0 +) 55 0 -H 
• H c - H j i g 0 
S 10 ^ S (0 CO 
o H 1^ 
CM 
CO 
0) 
1 3 
O r H 
i H (0 
CO I H (1) > 
+J 0 > 
c 0 
•H 
>1+J 
O 0) U-l ^ - H 
0) C "O « 
«H 0 
M-l - H -O 0) 
Q) -p c x: (0 m -P 
IM M 
0 +> "O C 
^ C -H 0 
c <u u 0 O (0 0) 
•H c e 
•P 0 O -H 
(0 O - H +J 
C r H 
• H EC 0 +» 
E 04 U C 
(0 > i (U 
X «-i r H e 
w 0 en Q j 
+J 
CO U 
C n) 
0 cu 
•H 
4J "0 (0 C 
o m 
r H C 
(0 O 
3 - H 
fO +> 
•r( a 
> n 
•H 0 • 
•a en u C O iJ 
•H (0 EH 
1 (0 
u 
<8 + 
0* ' * 
0) r H 
to EH 
•0 "0 
•H C 
a (0 (0 
n + 
ro 
•0 0 
c < 10 
«w 
0) 0 
•-i 
cu c H 0 
•H ^ 
CO 4J 
I 
• r l 
CO 
c iJ 
-0 
-0 
c 10 
c 0 
•H 
+J 
rO 
M 
rO 
a 0) 
CO 
u J 
H 
MH 
0 (1) 
U 
C (0 
0 4^ • 
•H -P ^ 
•P D l 
rO -P 3 
C (0 
• H fO 
e -0 • 
u u o (i> 1 
4J T l rH 
0 C O 
"d (0 • 
o 
U -H - ' 
•H Z 
V^ V CO 
+J 3 rH 
(1) U OJ 
e - > 0 C 0) 
4J N rH 
Tl 
• r | i n 
o • (0 CM 
o »w 
•H 0 
r H 
0 ,-t 
>1 > 
r H (U 
tJI rH 
2 K 
in cu 
o 
• +J 
o «o 
^^ 
CO > i 
0) C 
•P «0 (0 e 
r H H 
04 (1) 
o 
r-i 
0) » 
cnj^; 
o (0 >H 
o a> 
•H S 
r H • 
•H W 
W -^^  
^ 
c N 
^ 
XJ 
cu 
^ 3 
u ^
 
•H 
z 
^ 0) C 
1X4 S 
r H 
^ 
5 
•5 
^ 
4J 
3 
T3 (8 
(H 
0 
CO 
c 0 
•H 
+) 3 
H 
0 
to 
to 
3 
0 
d) 
3 
CP 
ri: 
n 
O to 
Z 0 
ffi 0 
X -H 
^ M 
O (0 
W > 
<N 
K -0 
* C 
M <0 
n 
re •* 
- o H CU 
U f^ 
K tn 
CO 
•o 
• r l 
U (0 
o 
•H 
c to 
en U 
0 
1 
rH 
U 
^ 
X 
z 1 
K 
o 
+i 
w 1 
K 
o Q) 
s 
c 
0 
•H 
+J 
3 
rH 
0 
CO 
CO 
3 
0 
QJ 
3 
CT (0 
o-
ffi 
z 
10 
c 
•rl 
a 
3 
9 
tc 
0) 
D1 
(0 
O 
•rl 
rH 
•H 
cn 
O 
o 
-a 
u 
3 
U 
VJ c Z a^ 
44 
n I 
CM 
0) 
r-\ 
XI 
n 
EH 
+> 
C 
O 
U 
0) 1 
o 
g 
0) 
0) 
« 
n 
+) 
c Q) 
E 
g 
0 
u 
0) 
to (0 
£ 
On 
0) 
rH 
•H 
X3 
O 
s 
n 
r>-
rH 
+ vo 
0 
s % 
+ r^ 
0) 
Oi 
>H 
o 
e u 0 4^ 
H EH 
4-1 
m 
c 0 
•l-l 
4-
C in 
0 
•H 
4J 
10 
Ul 
10 
> 
•d 
c 
ro 
Q* + (Dvo 
W 
0 
m 
c 
0 
•H 
+J 
3 
rH 
0 
03 
n 
3 
0 
0) 
3 
cr 
< 
> 1 ja 
(0 
(U 
V4 
3 
+) 
1 
0 
c 0 
•H 
+j -p (Q 
g 
0 
M 
s: 
o 0 
M 
X JJ 
•H 
E 
^ 
•H 
o 0) 
rH 
0,6 
•H C 
£ 0 
to u 
c 0 TJ 
+J § 
10 (0 H m 
C7^  V (U 
•H 
+) 
m 
M 3 
i H 
0) 
i H 
•H 
XJ 
0 
B 
0) 
0) lO £ 
Q) £ > +> 
> 
c 
•H 
H 
+J 
t u : 
CP(r; 
c 
•H 
•M CO 
> i ' 0 0) 
<u x: 
0) -0 
£ 
S -P 
O 
•H 
c 
10 
tJ> 
0 
c 
•rl 
•o 
c (0 
o 
-H 
c n 
<o •« D»-H 
v^  0 
o 
<o 
c (0 
U 0) 
a (0 ^ 
<0 
V4 
CT>.p 
•H 
u (0 
• (1) (0 
(0 
Q> V tt-t £ 
D^M XI o 04 
»«• 
r-
H 
•0 to "0 
0) -H C (0 (0 10 
0 > i 
Q . i H H 
0 <0 0) 
W C "0 
Ou 10 ^ 
0 
(4-1 0) 04 
0 fi 
+> C rH 
0 H <0 
•H 0 +> 
•P UH 0) 
(0 E 
O 'fl 1 
•H 0 +) 
rH X: PM 
0 4 + ) 
04 (1) «H 
< E 0 
u 
S3 OP 
s • c 
m o d ) 
M (N >0 0) 
C MH 
MH <0 >H 
0 -H 
rH -0 
to U 
Q) (0 C 
n a -H 
3 
to 
> 1 
0 
r-i 
t-i 
<c 1 
5 < 
MH 
0 
to 
•0 
C 
•rl 
>; 
0 
> 
+j 
(0 
0 
+J S CN.H 
X ID O +J 
•H • CM (0 
S f^ ffi M 
in 
t^ 
t-\ 
u i j 
H 
0) 
to (0 
J2 
to 
c 
o 
•H 
rH 
(0 
+> 0> 
E 
«H 
0 
04 C 
•0 
0 
•H 
(U -P 
to 
u 0) 
> 
<1> 
« 
-0 
•r» 
o 
(0 
o 
•rH 
V4 
+J 
•H 
o 
s 
n 
O 
• 
o 
(0 
V4 
CM 
+> 
10 
to 
c 0 
•H 
+) 
10 
M 
10 
04 
Q) 
1 
JO U 
+J 
c 0) 
o 
c 0 
o 
(U 
c 
•H 
g (0 
"0 
•H 
o 
<0 
o 
•H 
V4 
+J 
•rl 
o 
s 
ro 
Q) 
to (0 
£ 
04 
Q) 
O H 
• •H 
to df> O X) 
10 4J 
n 
Oi to "0 
a> to 
0) 
P3 c 
C 
0 
• H 
(0 4J 
0 
E 
to 
« 
VO 
r» 
H 
to 
H 
Id 
+> 0) 
E 
«M 
0 
3 
c o 0 C <0 
•rl 
(D A O 
0 to 0 -H 
to M -H 0> 
0) V H C 
0) >i <0 -H 
M (0 £ M 
O rH 4J >1 
>i c x: to 
4J -H "0 O) A 
•H 
H 
nH 
tu X u 
>i+> VH -H 
rH «0 0 rH 
^ r H C -O O 
0 
E 
0) 
£ 
H 
04 
10 
•0 c 10 
•0 
0) 
H 
r^ 
-H 
+i 
n 
•H 
Q 
•0 CP V4 > i 
H 0 0 O 
(U JH - H 
C 04 (U rH 
ft) E x : «o 
Dl-H 4J to 
V4 
(U 
+) 
10 
s 
0) 
in 
10 
x: 
P4 
>1 
VH 
rO 
C 
o 
•H 
4J 
rO 
4J 
to 
to 
r-i 
(0 
+J 
0) 
s 
(0 
C 
> 
o 
2 
o 
on 
to 
O 
o 
< 
o 
u 
E H 
U 
M 
H -H X} 
U Z 04 
^ ^ •« 
•O O "H 
04 U CQ 
^ ^ ^ 
+> <D r H 
04 (X4 < 
^ ^ « 
3 C 3 
< 2 U 
MH 
o 
to 
c 
o 
•H 
I 
•H 
to to 
3> 
c 
+> 
to to +> 
0) n o rl -H 2 >tH to 
XI 
04 
X 
a 
pL4 
3 o 
u u 
m 
0) 
o § 
u 
0) 
<4- l (1) 
45 
(0 
c 
£ 
O 
u 
C 
O 
c 
o 
•H 
4J 
u 
(0 
(u e o 
m 0 -H 
0) >M O 
> -H 
•rl '-> C 
+J H ro 
cn 
O 
c 0) 0) 
00 
o 
c 
o 
• H 
+) 
(0 
wi n (0 r-l 
a (0 
(0 0) 
6 
01*0 
c H 
"^  S 
D> O 
c u 
(0 
u o 
0) 
0) 
B 
o 
u 
^ • 
iH 0) 
O (0 
4 J - H 
04 
a o o 
•• CM O 
u 
C V^  0) 
•H >H X I 
ON 
c 
o 
•H 
4J 
(0 
c 
•H 
a 
H C 
o 
(0 4J 
0) 4J 04 
•P 0) V4 
o 
(D t3 X3 >i 
0) 0) <0 O4 
•H 
4J 
(0 O O 
e o 
Q4 O M 
0) -P +J 
to n) u 
nj M-i >i O4 
O O X3 tn 
m (0 
•H 
c 
O 
CO 
0) 
c 
0 
•H 
(0 
Q4 
0) 
m 
0) 
> 
+J 
ns 
•H 
a «o 
IS 
0) 1 
•P C 
0) 0) 
e 0 
n) C 
H 0 
S," 
(M 
0 0 
•H 
£ C 0 4 0 
BJ-H 
U +J 
D1O 
0 C 
+i 3 
Id «t-i 
g 0 <o 
^ j 3 m 
0 fH 
10 (0 
•P 10 
«'(3 04 
row 
X 0) 
Z O rS 
» -H -H 
W C XI 
(0 O 
CT> 6 
l-i 
O 0) 
C J= 
•H +> 
<B 
o 
OJ " O O 
c n -p 
o <o 
•H TJ 
+> 5C fl) (0 0*0 
+) < (0 
00 
c 
o 
•P O 
« 
iH 0) 
Q) 0) 
H 3 
M iH 
O fO 
O > 
c 
I 
> 
n 
0) 
> i 
<o 
« -P 
C 
0) 
a) 
XI 
10 
c 
u 
04 
E 
. 4 ° 
s n 
I 0) 
OXJ 
w e 
D C 
x: u n 
•P-H C 
•H g O 
> 0 - H 
+» 
•O lO iH 
0) (0 
04-0 +) 
O C Q) 
•H «o e 
CM 
0) 
m 
(0 
x : 
cu 
(1) 
f-i 
•H 
XI 
o 
2 
0) 
CD 
«0 
x: 
Pn 
> 1 
(0 
c 
o 
-H 
+J 
(0 
+J 
W 
g 
9 
•H C 
M O O g 
I 
I O 
(0 
g 
(0 
>1 
0) 
x: 
o 
M U O 
x: 
•O o n 
m C -o I 
9 eo -H g 
O U 
O'O O 
t ro x: 
< (0 O 
•0 
I 
o 
u 
x:-H 
I g 
CM <0 
I 
0) 
o 
I 
w 
> i O i 
>1 04 
O .H 
04X1 
>1-p 
X 0) 
x: 
0) 
c 
0 
•H 
c 
(0 
u 
•H 
0) 
10 ^ 
XI W 
(1> 
01 en 
c c 
o «o 
u x: 
+> o 
to X 
^ 0) 
s 
(0 
C 
o 
•rl 
+J 
(0 
V4 
CMP 
CMO C 
33 CMQ) 
ffi O 
c 
t7> O 
c o 
•H 
c 
o 
u 
X. * <0 
n + ) 
O C 
Z O 
0) 
10 
o 
CO 
«M 0) 
0 +J 
(0 
0) fH 
c 0 
-H 
0 
0 
> i 
+> .H 
3 
r H 
0 
to 
CO 
3 
0 (U 
en 0 
•H 
x: 4J 
£ 
3 
•H 
3 -O 
—^* 
s CM 
• 0 
1 
i H 
0 
• ( T O O 
<: 
0 
i H 
dJ 
0 1 
(0 
0 
•H 
i H 
-H 
cn 
(0 
n 3 
+> 0 H 0) 
(0 3 
0) 0* 
(0 
0 
•H C 
C - H 
«0 (0 
H 0 0 
0 -H C 
C 4J <0 
•H 3 X! 
rM -P 
S 0 0) H 01 g 
c 
10 
(0 
0 
+> 
•H 
X! U 
•0 
c (0 
c 
•H 
4J 
•H 
x: 
u 
--^ 1 
.H C 
• • H » 
^ — ^ ^—N 
C O O 
0 H 
Z " 
a rH 
^^ 
s 0 b 
• 33 
rH H 
1 1 
0 0 (0 CO 
s s D Q 
(0 
0 
•rH 
r^ 
0 -H 
(0 01 
s D tJ (1) 
•O +) 
C 10 
10 C 
Cn 
C 0) 
•H U 
10 a 
H g 04 -H 
m 0 
z 
ac 1 
« 
c 0 
+) 0) 
0 (0 
1 
r^ 
0 
d (0 
+» 3 
xa 
• 0 
rH 
0) 
CJi 
i > i ' 0 > i t7> 
O 4 C O4 C 
0 10 0 -H 
u u > On^-^ Q4 (0 
OrH 0 x: ID •• ID 
•H 0 ' H 01 • 
1 rH 1 g Ul 
^^^^ Q) c 
•o 0 -0 -p 0 (0 1 0) -H 
» S U* > i - P 
' - * D tC 0) -rl 
rH 1 E-< CD 
• • H I H O 
vo 0) 0 0) O4 
•• x: w x: E VO 4J S + i 0 
w <1) Q 0) U 
0) 
rH 
XI 
10 
+> 
c 
o 
u 
01 
m 
0) 
2 
01 
c 
o 
o 
•rl 
c 
(0 
IT> 
U 
o 
c 
MH 
tsi 
3 
U 
^ c IS] 
^ 
••^  C 
Z 2 
^ * 0 xt 
h CI4 
D> 
tc 
^ 
•0 
u 
^ 0 en 
u<: 
^ ^ 3 - H 
U Z 
C7> C 0) 3 <0 
a Ni pL4 •< H 
% % ^ « « 
0» 3 M lOXJ 
•< U U h^Z 
% ^ ^ « ^ • 
c -H 13 x: + i s 
2 z u Pf:(i4 
^ ^ ^ ^ V % 
O O XI 3 U O 
> u P4 (x: Ni 2 
0) 
S 
u 
46 
(0 
•P 
c 
0) 
E 
E 
O 
U 
CM 
CD 
H 
c 0 
• r l 
+J 
•H 
m 
c 
ro 
M 
+J 
tM 
0 
u i j 
H 
• 
m 
iH 
(0 
+ j 
0) 
E 
ro 
CO 
1 
n) 
V4 
n) 
a 0) 
m 
(U 
> 
•H 
•P 
(0 
4J 
•H 
rH 
(0 
3 
01 
c 
o 
•H 
O -P 
^ 
00 
H 
1 
U 
i J 
0 
> 
> i i O 
U a 
0 -p x: 
•H 
EH -0 
>4H 
0 
C 
0 
• iH 
+> (0 
o 
•H 
l-^ 
0 
c 
0) 
i <u 
a 0 
•p 
10 H C 
(U 
> 
!0 
> 
(U 
u 
<a Q4 3 
0 0 
> . H 
•p 
0>«J 
c c 
•H .H 
O4 E 
•H 0) 
H +) 
cu cr-P 0) 
< in tfl "O 
• 
00 
rH 
10 
•P 
0) 
E 
i D 
00 
c 
0 
•:l 
M «0 
0 0 
MH 
U -H 
»J 4J • 
EH C to 
0) C 
0) -a 0 
W -H -H 
(0 
X: 0) rH 
Q4 > ro 
1 - r l +J 
-0 -P Q) 
0) (0 E 
(0 4J 
JH -H - d 
(1) rH n 
> m 0) 3 m 
D5 0^ 0 
00 
-0 
0 >i 
s^ 
E (0 
lUMH 
£ O 
•P 
(0 
o n 
C r H 
O 10 
•H C 
•P (0 
10 
U 0) 
• H x : 
rH +J 
0 , 
QjiC 
(0 
u 
3 • 
•p to (0 0) 
C H 
9< 
•o E 
C (0 
(0 0) 
0) 
(0 
•0 
a. 
0) 
rH 
•H 
J3 
o 
s 
XI 
0 
E 
(0 
3 
0 
Q> 
3 
CT 
<0 
rH 
to 
iH 
0) 
> 
0) 
en 
(0 
0) 
01 
10 
x: Oi 
1 
t - \ 
0 
c (0 
+> 3 
x> 0 (0 
• r l 
1 
rH 
0 
c 
«0 
£ 
+> 
u 
M 
0) 
4J 
!2 
> ' -
1 ,-i 
r-{ • • 
U rH 
JC •• 
• vo 
0 •• 
C r^  
0 rH 
U > ^ 
(0 O 
3 -H 
0 C 
0) -H 
3 O 
O' O 
to 3 
(0 
s 
r H CO 
• c 
o O 
1 - r l 
rH 4J 
O 3 "O 
O rH -H 
• O U 
o m (0 
CVJ 
rH 
(U 
rH 
XI 
10 
EH 
•d 
+ j 
c 
o 
u 
0) 
0) 
10 
x: 
CM 
> i 
U 
(0 
c 
o 
•H 
+J 
«0 
+> 
rH 
(0 
•p 
m 
4J 
• r l -0 
ll> 
•o +) a) ^ C (0 > C 
•0 rH -H <0 
> i - p m 
c +J <o 0 
•H OJ > -P 
+) 0 - r l -H 
•H lo >H x : 
x: Q) <u u 
U "O -0 - ^ 
(U 
n 
0 
rH 
3 
rH 
t-{ 
Q) 
U 
c n 
O c 
•H O 
+> -H 
• r l 
m rH 
C (0 
lO 4J 
M <U 
EH E 
3 
U 
0) 
>1 
x: 
+) 
(U 0) 
E <n 
> i O 
X r H 
Si rH 
M r H 
(0 0) 
O O 
c 
u 
X3 
1^ 
£ 
-P 
•H H 
> (0 
U rH 
T l 3 
0) -P 0) 
a> <0 rH 
c o 
O i E 
O 0) 
H M x: 
r l X ! 
(0 
rH 
•H 
CO 
EH I 
C 
(0 
• 
n n 
n n 
0) -P 
C 10 
•H 3 
E CT" (0 •H 
3 
U 
^ 
• r l 
Z 
^ 0 
u ^
 
c 
s 
> 
^ 
u 
u 
V 
0) 
b 
^ 
c 
N 
0) vo 
•H »w I 
MH O C 
•H > 
•O cn O 
O O M 
E 
«0 
rH C 00 
0) 10 
en 
c 
<0 (0 
u 
•H x: 0) 
rH +) X3 
• H - r l 
o 
I 
I 
o 
N 
c 
> ^ < r f ; f a : 0 3 ^ 1 3 
•d 
o 
c 
O 
U •^  
S5 
o 
s 
u 
0) 
(U 
05 
00 
00 
CO 00 
O 
47 
m 
c 
£ 
e 
o 
u 
(0 
c 
o 
•H 
+J 
(0 
M 
0) 
CO 
0) 
> 
•H 
+J 
(0 
4J 
•H 
i H 
(t 
3 
O 
U^ 
cc 
XJ 
c (0 
(0 
+J 
-H 
•i i H 
c 0 
•H 
+> O 
Q) 
-P 
(U 
o 
+) 
c Q) 
U 
(0 
(1) 
U 
3 
0 
I - l 
t4-l 
M-l 
0 
to 
0) 
s 
I - l 
to 
> 
c 
0 0) 
+> 
"SS 
+^£ (0 (0 • 
H -0 
(0 n 0) 
Q» 01 "0 
(1) n) M 
01 H 0 
CJi O 
01 01 
C 01 V4 
0 3 
•r( 0 0) 
•P M H 
m o o 
u a > 
0) > i 
O -0 i3 
c c ( D A V E 
s 01 x: 3 
rH 0) +J -H 
c +j c -3 
•H v^  0 n) 0) U 
0) Q, 0) 
x : 0 +J<M 
+J H C 0 
Q< (1) • 
«W 3 > i U 
0 rH -P 4J 
•H -H -H 
> i 0 -P •-• 
"d 01 » -H 
S C i5 
+J <w 0 0 
w 0 o e 
J 
El 
T-^ 
•H 
0 
01 
(0 0) 0 
x: e Oi o c 01 
01 0 0) 
0) M-l -P p 01 
W O <o +> > i 
U - U X 0 
Q) U 01 (0 ' H H 
> H^ C Cl4 e r-J 
0) H O Q) •" 
U -H 01 > i 
» c n o 0) 0 01 0) (0 -H 
01 -H iH > C +• 
flj +J flj -H -H Q) 
£ (0 +) +> ,0 £ 
PLi i H (I) <C * * (u e 4J e c 
rH x : -H 0 > i 
Id V 0 -^ ^ ^ 
e -H c iw 
n -o X « -0 
0 C 0 5 J3 C 
2 (0 +J D^ a< (0 
M-l 
0 
01 
0) 
M 
3 
+> X 
•H 
e • m 
»H C 
0 0 
•H 
c 0 0 
•H .H 
•P C 
n) 10 
u o^ 10 M 
cu 0 (0 C 
W -H 
01 
0) 
01 
«0 
x: 
cu 
o 
rH 
-H 
XJ 
O 
s 
•p 
01 (U 
01 3 
-P 
c c 
(U 
> +J 
rH C 
0 0) 
01 SH 
o 
(U >4H 
Ol-H 
4 J ' d 
X 
•H l(H 
10 O 
(1) 
c 
Q) 
N 
c 
0) 
XI 
I 
. . 0) -^ 
in C > 
r- 0 \ 
^ +j > 
(I) 
rH O » 
U <0 H 
rCi •• 
2 O cr> 
O I — 
O \ U 
> X 
r< 2 
•• n 
U 
0) 
+> 
ns 
•o 
+» 
01 
•H 
D 
O 
w 
s 
Q 
•O 
C 01 
(0 e 
0) 
n p 
O 01 
z >. 
S 01 
I 
O rH 
w u S tc 
Q I 
01 
c 
0 
•H 
+J 
rH 
O 
01 
0) 
DH 
»H 
3 
CQ 
fS 
01 
<0 
x: 
> i 
M 
R] 
C 
O 
•H 
4J 
<0 
+J 
(0 
o c 
•H O 
rH -H 
-H 
01 O 
o 
01 
u 
3 
x-o 
•H C 
2 (0 
01 
rH 
0) 
Cn 
c 
la 
x: 
o 
X 
01 
01 
(0 
rH 
tP 
01 01 
3 4J 
0 0) 
M (1) 
o x: 
CU 01 
Ul 
rH 
•H 
0 
01 
0 
? 
+j 
c 
01 
o 
•H 
0) 4J 
M 
<U 
kM 
+) m 1 ' H 
>i'a 
+ j 
c x: 0) -P 
> f l 
01 
•H 
V4 
0) 
+> O 
10 
u (0 
•H x : 
^ u 
0) 
o 
<0 Oi 
o 
-H (0 
rH O 
•rl ••-i 
01 rH 
•H 
C 01 
•rl 
(0 -O 
rH C 
(X (0 
(U 0) 
•P C 
x : ( 0 - H 
•p x: e 
•H Q< lO 
01 
O 
"O £ >i 
4J ^ 3 
(0 -^ ja 
C >i-H 
C7>+) U 
0) 3 +> 
JH X J 
B U C 
•H +J rO 
c 
-rl 
+) 
•H 
x: 
u 
0) 
rH 
XI 
10 
EH 
• P 
c 
o 
u 
01 
«0 
+) 
0) 2 
01 
c 
o 
•H 
<0 
4J 
0) 
2 
- -^1 
«• T) 
C U 
t>q » 
» D> -rl 
3 < 05 
U » ^ 
X O XJ 
> 2 &( 
% V * 
rH >H rH 
<! IS) E-" 
x( 
o 
10 
JJ 
0) 
g 
o 
•H 
X 
o 
EH 
O 
U 
3 
U 
8 
8 
u 
0) 
0) 
48 
(0 
4J 
c 
0) 
E 
e 
o 
u 
0) 
CD 
> i 
(0 
c 
o 
• H 
+> 
nS 
+> 
en 
CM 
i-i 
o 
<u 
M-l 
0) 
0) 
c 
o 
•H 
£ -P 
•P 10 
U 
o c 
S 'J 
0 C 
• H O 
•P U 
(0 
C 0) 
•H £ 
E 4J 
X « H 
u o 
b 
0) 
c 
o 
CO 
O 
z 
SB 
•o 
c 
(0 
ac 0) 
w 3 
csn) 
tc > 
0) 
m (0 
£ 
CI4 
0) 
rH 
•H 
JQ 
0 
Z 
0) 
•p > 
C 0) 
0) r-l 
w (U C 
<H 0 
«H ^ 
•H +J 
T3 flj 
M 
•P 4J (0 C 
Q) 
n o 
0 c 
Z 0 
a: u 
rH 0) 
u 
•H 
rH 
•H 
(0 
S r H 
>1 
+J 
<o 
I 
04 
ac 
s 
CM 
a: 
c 
0) 
H O 
Qi C 
B O 
§5 
> i 00 
X O 
m 
c 
o 
• H 
4J 
Q4 
(U 
CO 
> 
4J 
fO 
4J 
•H 
rH 
Id 
o 
CD 
>H 
0) 
a 
o 
rH 
0) 
> 
(U 
•o 
VH 
o 
b 
(U • 
01 j ^ 
o o 
rH "^ ^ 
rH • 
0) U 
in V£> 
en 
MH 
0 0 
•H 
» C -P 
rH 
4J 
0) 
£ 
0) 0 0) rH 
3 - H j : 
cr+) +> 
•H (0 C 
10 
u 0) 
C H > i > 
£ n) CO 
U 04 
0) 0) E 
0) 
CO 
•p CD 0 *M 
M 
01 (U »w 
c > 
•A -H E 
"3 +> 3 
C 0 -H 
0) 0) C 
0 rH (0 
0 
CO 
d) 
u 3 . 
4 J CD 
X C 
CD 0) M -H 0 
«< CD 3 
rH -0 
> , -H 
s: 0 0 
+> - H Rj 
0) >H 
e +j 0 
•r| -H -H 
•0 C ^^  
0 
IW TS i H 
0 C £ (0 0 
CD 0 
(U 0 M 
H T( XJ 
3 -H >, 
•p e £ 
X H 
•H 0 JH 
2 MH 0 
e-rH 
d) 
•0 > 
C -H 
ta 4J 
« CD 4 J 
C .H 
0 rH . 
•ri nt (D 
+> 3 C 
«j cr 0 
0 -H 
«+» U H CO fl) 
0 C ^ 
0 <0 
u •r^  a 
iJ C 0) 
EH (0 CD 
•H C 
C (0 
•H 
rO 0) 
•P +J 
C n] 
0 x: 
u a CO 
X 0 
0 x: -o 0) a - H 
2 0 
iH <0 
CD > i 
3 +J 0 
0 3 -rl 
0) £1 e 
3 -rl M 
cr n 0 
<: + j «w 
T3 
c 
10 
E 0 TJ 
U >i 0) 
MH i3 x: (0 
»0 ID «0 
(D 0) 
+> 3 * 
c 0 
10 m c "O 
rH CO 0 
0 -H -H 
CO 4J +) 
•H (0 
r-l - 0 
CD lO ' r l 
•rl 0 X 
« 
JC t 
O4 M 
10 
M 
Q) 
> 1 
01 10 
0 rH 
•H 0 +> 
U CP 10 
Q) 0 > i E 
a r H u 
a* 0 73 
0 -H 
u ^ <o 
^ 
n 
• 
0 
• • 0 
0 
rH 
* * - « • 
5 0 
0 
< 1 
B3 — 
^ < 
2 > 
0 
u £ 
0 
<0 
0 
•H 
rH 
•H 
CD 
s 
•p 
10 
c 
0) 
£ 0 
0> CD +) .H 
0) 
iH 
0) c 
10 C 10 • 
0* (0 0 01*0 
E -C U 0) 
•H 
MH 
0 
a 4 S 0 (0 
Q, c m 
9) - H a 
rH +J 0 
•H C MH CD 
+J ,Q Q> 0 -H 
0 
0) 
MH 
MH 
(U 
o n 13 
E 0) >i 
MH 4J CO 
MH MH - H - H 
0 -rl rH 
•O -H CO 
0) x> ja c 
x: 
EH 
E 
3 
•H 
•0 
0 
ID 
•0 
c 10 
-0 
•H 
0 
10 
0 
•H 
E 
^ 0 
b 
C MH 0 0 
(0 0 E -H 
Q) 
4J 
10 
E 
u 0 
MH 
(0 
CO 
0 
MH 
>-l 3 
CD 
O 
•H 0) 
C +J 
C 10 
•0 rH 
4J > i 
en o 
+) 
c 0) 
^ 
v^  0 
CD 
CD 
•0 U 
0) 0) 
X > i 
•rl 10 
S rH 
0 
rH 
(U 
cn 
10 
0 
•H 
rH 
•H 
cn 
CO 
rH 
10 
+i 
0) 
s 
MH 
0 
0 S CO 
•rl 0 0) 
•P •H -rl 
•rl H 
to rH <U 
C <0 CO 
10 JJ 
VI U ^O 
H E n 
• X C CD 
• H O C 
10 •H 0 
1 -P -H 
>1-H 
•P CO rH 
C C 10 
0) (0 -P 
^ M (U 
H +J E 
E 
3 
•H 
c 10 
M 
D 
x: 
^ CO 
•H C 
^ 0 
-H 
CO C 
C (0 
0 
-rl 0) 
•P E 
n) 0 
U (D 
M 
& 
Q4 
0 
u 
•0 
a) 
•H 
MH 
-H 
•0 
0 
E 
0) 
0 
<0 
MH 
U 
3 
cn 
<-i 
10 
+) (U 
E 
0 
•rl 
c 10 
u> 
u 0 
c 
0) 
u 0) 
> 1 
(0 
rH 
+J 
c 0) 
^ IH 
0 
m 
(0 
c 0 
49 
CNJ 
i - l 
CO 
•P 
c 
o 
u 
(0 
0) 
u 
s 
VJ 
<u 
«M (U 
« 
0} 
4-> 
c (U 
e e 0 
u 
0) 
en 
m fi 
04 
G 
rH 
-H 
^ 
0 
s 
(U 
CO 
n) 
x: 
cu 
> 1 
u 10 
c 0 
•H 
+J (0 
^ 
M 
tn 
r-i 
(0 
+) 0) 
1 S 
00 
o> 
i H 
M-l 
0 
A 
U 0 
0) u 
•0 A 
U 3 
O U 
•0 m 
C - H 
10 
> i 
C -P 
0 -M 
•H > 
+> -H (0 -P 
M U 0) (0 0) b 
d j f H A 
(1) 0) C 
w m 2 
1 
(U U 
•0 0) 
-H D> 
X C 
0 (0 
£ 0 
•H X n 
•P 0) 
+> 
m C (0 
3 0 
0 - H "O 
U *i 0> 
•O «0 - H 
> i O H 
c 
(0 
o 
u V 
0) 
b 
^ 
C 3 
2 U 
a> 
a» 
r H 
0) 
g (0 
0 4-1 
U i-H 
M-l 3 
(0 
•H 0 
0 
«H r H 
0 £ 
o 
c O TO 
•H 4-) 
•P -H 
(0 
M CQ 
<0 10 
a (1) 0 
•0 
•H «. 
U 0) 
10 C 
0 
1 0 +) 
ffi -H 0) 
O E ^ 
W M 
Pn 0 
1 M-l 0) 
."S . 5 
U Q) U 
(0 C 1 
0 r H 
O + ) 1 
- H 0) S 
e o o H (0 3 
0 CQ 
fe CM 1 
r-\ 
0) 
01 
)0 
O 
•H 
r H 
•H 
CQ 
0 
U 
"O 
C 
10 
-H 
z 
•0 
Q) -H 
S O 
•P <0 0) 
1 O (0 
O - H X 
W 6 0 
S M - r l 
D 0 -0 
! MH 1 
'0 ^ 
• H 73 » 
O C r H 
<0 (0 I 
rs 
U (U 1 
•H C K 
e 0 o H 4J M 
0 (U CI4 
MH 4^ 1 
0 
0 
M 
c 
•H 
(0 
•o c 
C 0 r H 
(0 - H 10 
4J H 
9 10 0) 
u 0 > 0) 
MH >H m 
0 0) 
£ »H 
C +) 0 
0 0 
•H tt) 
•P E 0 . (0 0 C (0 
M Vi 0) C (0 «M n 0 
a 4) -H 
0) T3 V^  C 
w u a (0 
1 
d 
s 
^ 
<« Q) 
rH 4J ' -
0) (0 rH 
C7> C U 
cn-rt 
10 0) h4 
0 u 
• H O J J : 
rH E -P 
•r4 - H -H 
w ^ 5 
c 0) 
0) n 
•P C 
C 0 
0) -H 
> 4J 
0) 10 
w 0 
H 
0 
CM 
c 
0 
•H Q) (0 
+J 01 C 
•H (0 0 1 
I f i 4-> - H CM 
c c 
ro Q) rH i n 
M 0 (0 vo 
•P M +J 
( D O C 
MH d i E 0) 
0 0) 
• MH ^ 
c to 0 -p 
0 C <1> 
• H 0 > i X l 
4J - r l M 
(0 a) TJ H r H > 0) • 
<0 <0 0 C7>0^ 
Q 4 - P 0 C • 
(U (U 0) <0 CT) 
t n E M n 0 0 
U o 
f^r-^ -^ 0 
0 V dP 0 S 
BC r H rH - r l Q 
1 ^ E ( D C >H C 
C 0 fl) 0 0 
0) C UH 
N ^ . H 1 - ^ 
C •<»• r H 0) CTt 
fl) •• 0 C •• 
X I 0 0 M Q) 0 
1 • • x : N r H 
Q) i n 4J C • • 
C . . c fl) in 
•H vo (0 ^ «— 
• © • — • C I 
• r l 0 fl) tC 1 3 
>H CMC 0 - H 
-^^  
dP 
CM 
1 ^ 
fl) < 
C 0 EH 
•H CMQ 
13 ffi fil 
•H 1 
H O C 
> i i < 0 
Q * ^ 
S "^ 
• 0 1 r H 
C O ) . . 
(0 C ^ 
Q) •• 
' - s N i n 
*> c •• 
> , K ^ E J O r H a ) i n 
Oi 1 i CQ 10 
H 
fl) 
D i 
10 
0 
• r l 
rH 
-H 
CO 
c 
0 
•H 
+» 
• H CD 
to r H 
c <o 
•0 +) 
U fl) 
H E 
— XI w 
• 
fl) 
+1 (0 
+J (0 
> 1 
u 
c 0) 
rH 
(0 
> 
(0 
3 
0> 
D 
M 
•H 
fl) 
£ 
•p 
c 
• r l 
fl) 
u 
(0 
(0 
c 
0 
•rl rH 
10 
+> fl) 
E 
0) 
£ 
EH 
50 
<-s 
n 
9) 
o\ 
H 
1 
fn 
r* 
o\ 
H 
>^ 
> i 
13 
a< Id 
M 
s* 
4J 
3 
0 
^ 
u 
M 
U 
> i 
« 
•^ 
e 
•H 
ji 
EH 
0 
OS 
G 
0 
• H 
S 
tM 
0 
> i 
•0 
9 
•P 
n 
V 
M 
9 
•P 
« 
M 
0) 
•U 
•H 
>A 
•• 
tn 
• 
H 
V 
H 
i3 
« 
EH 
n 
u 
c 
0) 
u 
2J 
m 
•u 
c 
9? E 
B 
0 
U 
0) 
(0 
10 
JC 
a< 
a> 
.-1 
•H ja 
0 
2 
0) 
m 
iQ 
i : 
04 
> i 
u 
« 
c 
o 
•H 
4J 
(d 
-p 
en 
m 
c 
0 
-H 
c 
<: 
o 
c 
e 
o 
0) e 
•H 
+J 
•P 
C 
(1) 
a 04 
0 
H 
(U 
> 
0) 
a 
>H 
0 
(0 
c 
0 
• H 
p 
3 
H 
0 
(Q 
(0 
3 
0 
0) 
3 
CT^  
< 
0) 
-0 
•H 
X 
0 
E 
3 
•H 
C 
•H 
3 
r H 
< 
% 
1 
U 
A 
^ 
1 tn 
O 
r H 
U 
^ 
1 
nH 
o 
• 
c 
0 
•H 
+J 
Id 
u 
(d 
a. 
0) 
(0 
0) 
> 
•H 
•P 
«d 
P 
•H 
r H 
rd 
3 
ty 
•^  
o 
< 
o Id 
z 
• ^  
n 
O 
u (s 
Id 
z 
• « 
0 0 
O 
z 
^ 
- - N 
z 
>; 
0 
r H 
< 
e Id 
a» 
> i 
>-\ 
0 
1 
z 
s 
^ 
1 "* 
• « 
»* 
O 
04 
^ 
(Q 
0) (0 
Id ja 
00 -a 
« 
•^  
"* 
o 
w 
CN 
ixi 
o 
<; 
o s 
1 * 
c 
Id 
(0 
T3 
•H 
O 
Id 
1X4 
Id 
z 
1 
O rM'*P4r« 
H 
% 
1 0 0 
O 
M 
* 
1 
H 
V 
1 0 0 
o 
M 
QQ 
o 
0 
Z 
^ 
1 
CN^ 
o 
• 
10 G 
0 
•H 
P 
3 
r H 
0 
(0 
M 
0) 
tVI 
VH 
3 
i3 
T3 
C (d 
(0 
c 
0 
•H 
(M C 
U 
u , 
^ 
1 
O 00 o^ 
u 
O 
^ 
1 (N 
o 
z 
—N 
z 
u 
-^ 
0) 
(X4 
Id 
M 
0) 
J3 
+J 
0 
•o 
c 
Id 
0 0 
o 
I N 
C 
3 
M 
^ 
0) 
3 
a* 
•H 
c 
x: 
o 
0) 
•p 
D1 
C 
•rH 
TJ 
C 
0) 
o (0 
< 
(N 
1 
U 
(U 
+) Id 
^ 
u 
0 
H 
0 
C 
Id 
Si 
•p 
0) 
s 
u> 
c 
•H 
c 
•H 
Id 
•p 
c 
0 o 
Id 
c 
•H 
3 
r H 
< 
1 
C N " * 
O 
0) 
H 
% 
1 0 0 
O 
H 
^ 
1 
1 
XI 
>1 
H 
0 
s 
C 
0 
•H 
•P 
Id 
M 
Id 
04 
0) 
(0 
^ 
s O 
o 
r H 
--^  
H 
• • 
O 
H 
—• 
Id 
• H 
c 
g 
g 
Id 
g 
3 (0 
Q4 
>1 
en 
j p 
iT) 
1 
CM^CM^ 
O 
O 
s 
o 3 
oe; 
(0 
0) 
p 
Id 
•0 
0 
• H 
p 
Id 
c 
JC 
o 
a> 
p 
u (U 
04 
^ (i> 
•p 
Id 
T3 
• 
(0 
C 
0 
•H 
0) 
P 
Id 
c 
0) JC 
p 
3 
M 
•0 
C 
Id 
0) 
•o 
•H 
^ 
•H 
o 
C 
3 
M 
0) 
3 
• H 
C 
£ ! 
U 
0) 
+J 
01 
c 
•H 
T3 
C 
a> 
o (0 
< 
•0 
• H 
O 
Id 
o 
M H 
g 
M 
0 
MH 
(0 
3 
O 
Q) 
3 
a' 
< 
a 
• H 
0) 
(0 
0 
r H 
3 
^ 
^ 
0) 
O 
1 
^ 
Q 
1 
fc4 
% 
1 
H 
^ 
1 
<-i 
o 
^ 
1 
u 
n 
(0 
(0 
0) 
c 
o 
•H r: 
p 
M 
0) 
> i 
Id 
H 
^ 
g 
o 
in 
H 
(0 
c 
0 
•H 
+i 
3 
r H 
0 
(0 
g 
M 
0 
>M 
0) 
4J 
!S g 
u 
0 
MH 
0) 
X! 
+1 
• 
g 
g 
i n 
CM 
• 
o 
0) 
(0 
0 
r H 
3 
r H 
r-i 
0) 
O 
V 
.^-N 
Id 
> 
u 0) 
(0 
~-^ 
• 
0; 
C 
•H 
^ 
r H 
Id 
(0 
> i 
M 
O 
0 
U 
•H 
g 
in 
o 
r<4 
Id 
M 
Id 
04 
0) 
(0 
(1) 
H 
XI 
H 
O 
3 
T3 
0 
U 
04 
0) 
M 
> i 
rM 
J3 
J> 
•H 
X 
0) 
c 
Id 
X 
0 
•H 
•o 
•» 
a> 
c 
0 
p 
0) 
o 
< 
1 
0 
u 
o 
• r l 
g 
T3 
C 
Id 
r H 
0) 
C71 
Id 
o 
•H H 
H 
cn 
^ 
(0 
c 
0 
•H 
c 
Id 
m 
0 
to 
c 
o 
•H 
•p 
n 
0 
s 
o 
Id 
z 
£ 
•p 
•H 
s 
-o 0) 
X 
•H 
g 
0) 
c 
•H 
r H 
r H 
(d 
(0 
> 1 
M 
O 
^ 
1 0 0 
33 
O 
i « 
H 
Z 
0) 
(0 
0 
r H 
3 
rH 
H 
0) 
O 
1 V 
O CM"* 
1 00 H 
o 
z 
^ 
H 
1 
H 
1 CM o 
o 
z 
^ 
1 
z 
o 
w 
1 
u 
OQ 
V 
1 
^ 
U 
o 
u 
u 
^ 
1 00 
o M 
ffl 
^ 
1 ^ 
O 
M 
u 
0) 
JS 
•p 
0 
XJ 
c 
Id • 
1 (0 
CMr^ C 
O 0 OM r l 
u c 
o Id 
0) 
o 
c 
0) 
u 
0) 
0) 
3< 
51 
C 
0) 
e 
£ 
o 
u 
o 
(0 
• H 
U) 
> i 
•H 
(0 
c 
0) 
> 
• H 
4J 
10 
•P 
• H 
(0 
3 
a 
c 
o 
CO 
a> 
• H 
c 
0) 
31 
0 
r-\ 
«0 
3 
0) 
to 
a, 
H 
(U 
cn 
(0 
o 
• H 
(0 
(^  
o (N 
c 3 
M 
^ 0) 
3 
a' 
•H 
c 
s 
o 0) 
+J 
a> 
c 
•H 
•0 
c 0) 
o (0 
< 
(0 
c 
0 
H 
m 
^ (0 
0) 
(0 
0) 
> 
• H 
+j 
(0 
+J 
•H 
i H 
(0 
3 
CT 
^ 
B 
o i n 
rH 
• U 
04 
XJ 
c (d 
u J 
EH 
> i 
XJ 
JO 
o 
o 
H 
C 
(0 
a> M 
o 
c 
•H 
"^^ O 
c 0 
H 
•M 
O j 
M 
0 
(0 
XJ 
< 
(0 
rH 
a> 
o i 
X 
0) 
•0 
<a 
n (^  0) 
(0 
c 0 
CO 
c 0 
• H 
c (0 
n 
0) 
H 
c 
o 
u 
o 
10 
On 
(I) 
. H 
TH 
JQ 
O 
2 
0) 
CO 
CO 
X! 
tu 
> i 
M 
Id 
c 
o 
•H 
+J 
Id 
•P 
w 
CO 
c 
o 
-H |5 
•H 
£ 
u 
o 
I 
a) 
c 
o 
M 
0) 
* Id 
o 
c 
Id 
X! 
•P 
a) 0) 
Id 
I 
U O 
< Id 
(U 
o i 
Id 
o 
• H 
CO 
O 
XI 
Id 
£ 
•d 
Id 
0) 
CO 
• H 
O 
4-1 
I 
rn vDI 
- ^ •^ VD 
z -^ 
u z 
- - U 
(U - -
b CU 
0) 
• H 
4J 
CO 
• H 
X> 
O 
c 
Id 
+i •• 
3 H 
rn 
U 
s 
u 
o 
c 
Id 
04 
o 
u 
On 
U 
(0 
Id 
• • 
0) 
c 
•H 
> i 
N 
c 
0) 
XI 
I 
z 
o z 
u 
n O 
Z 
« 
2 M 
• 
o 
^ 
i n 
CN 
O 
M 
0) 
0^ 
Id 
0 
-H 
rH 
•H 
01 
1 ^ 
C N ^ 
O 
o 2 
1 ^ 
1 
^ vO 
.—» 
Z 
o 
-^ 
o Eu 
^ 1 
M 
oq 1 «• 
H 
^ 1 
(N ' ^ 
O 
U 
u 
^ ( 1 eg 
o 
z 
^ 1 
r-l 
u 
i 
^ V O 
-^ 
z 
u 
—' (U 
b 
1 CO 
O 
u 
ax 
CO 
c 0 
•H 
c Id 
tH 
0) 
X! 
+J 
o 
TJ 
C 
Id 
u 
2 
U 
33 
2 
-H 
O 
• 
o 
o 
o 
1 
1 
o ^
 i n 
CN 
1 
CJ 
-.^ X 
•a Id 
x: 04 
(U 
CO 
% 1 
o 
o 
t 
O 
1 
^ 0 
c Id 
X3 
+J 
(U 
-^ 
o CN 
35 
l4 
X> 
C 
Id 
1 ^ 
CM r^ O 
O 
CN 
U 
u 
« 
1 
H 
0) 
1 a ; 
V 
1 
• CO 
z 
o 
n 
0) 
o 
c 
u 
Q> 
%i 
0) 
X 
0) 
c 
0) 
E 
u 
0) 
CD (0 
0) 
- ( 
• H 
o 
s 
0) 
o 
> i 
•0 
C 
o 
• H 
« 
CO 
52 
O 
0) 
+j 
c 
o 
>1 
T3 
3 
U 
to 
(0 
o 
o 
c 
3 
O 
z 
2 
H 
I 
T3 
C 
O H 
H 
4J 
• H 
in 
• H 
c 
(0 
c 
o 
M 
O 
n) 
o 
•H 
0) 
o 
c 
o 
• H 
4J (0 
M (0 
a, 
to o 
0) 
4J 
c 
o 
+J 
3 
(U 
c 
E 
0) 
J3 
+J 
e 
o 
M 
4-1 
T3 
0) 
o 
3 
T3 
O 
U 
to 
•o 
c 
3 
O 
s 
0 
u 
• H 
>^ 
3 
H 
H 
0) 
•o 
4J 
rO 
• H 
TJ 
(0 
U 
U 
H 
ID 
C 
o 
•H 
c 
< 
1 "l" 
o 
H 
1 rn 
O 
M 
1 * 
H 
-^ 
> M 
• « ^ 
(1) 
H 
^^  
> 
(U 
H 
'O 
c (0 
u 
E-i 
> i 
XI 
o 
H 
C 
o 
• H 
•P I 
O 'j 
0) 
+> 
0) 
T3 
X> 
C (0 
to 
0) 
3 
H 
It) 
> 
rsi 
U 
0) 
5 
^ fM 
O^ t^ 
3 ^ 
to tn 
T3 — 
(0 
r: 
0 
m 
4J 
•H 
e 
u 
a. 
T3 
C 
10 
C7> 
3 
oo 
o 
in 
» I 
VO V4 
3. 
JP 
i n 
CN| 
1 
r-i 
O 
c 
<8 
•P 
3 
J3 
1 
Q> 
C 
0 
•p 
0) 
o 
< 
•—s 
H 
• • CM 
• • 
^ 
• • 
rn 
H 
-—^  M 
0) 
•P 
(0 
2 
1 
TO 
a 
z 
ro 
M 
ffl 
U 
(0 
T3 
C 
HJ 
c 
o 
• H 
4J (0 
O 
•H 
•4-1 
• H 
+J 
C 
(U 
o 
• H 
•P 
<0 
c 
• H 
6 
V4 
0) 
p 
0) 
a> 
> 
•p 
(0 
•p 
+J Q 
C Z 
m 3 m 
cr o 
I 
0) 
c 
•H 
•H 
M 
> i 
CU 
1 
r-4 
0 
c (0 
x: 
+ j 
u 
« 
H 
C 
o 
e 1 1 
M 
0) 
4J 
10 
s 
'—» 
H 
• • 
• • 
i n 
• • 
rvj 
H 
— 
J3 
P 
•H 
5 
H 
Q) 
01 
10 
O 
•H 
rH 
•H 
CO 
T3 
C 
«J 
M 
0) 
T3 
C 
•H 
JQ 
13 
O 
u 
•a 
-p (Q 
1 
•H 
T3 
C 
•H 
•P 
C 
0) 
o 
to 
0) 
>-l 
3 
0 
H 
M-l 
M 
0 
•P 
10 
O 
•o 
c (0 
Jl 
H* 
0) 
01 
10 
u 
•H 
H 
•H 
CQ 
rH 
•H 
tn 
+ o 
H 
0) 
Oi 
<0 
o 
•H 
H 
•H 
(0 
^. H 
• • 
rH 
— 
rH 
M 
(0 
0) 
Qj 
e 
z 
(N 
O 
z 
n 
0) 
H 
« 
EH 
e 
0 u 
n 0) 
u 
c 0) 
Wl 
0) 
y-i 
0) 
3i 
(0 
+J 
c 
a> B 
e 0 
u 
CN 
H 
fM 
c 3 
V4 
^ 0) 
3 
CT 
•H 
C 
Si 
o Q) 
+i 
CP 
c 
•H 
XJ 
c 0) 
u 0) 
< 
u 
^ H 
M-l 
0 
c 0 
•H 
4J 
(0 
o 
•H 
H 
Oi 
34 
(0 
c ID 
%. 
g 
O 
r^  
C 
0 
•H 
4J 
o to 
0) in 
a ^ H (0 tn 
c 
• H Q) 
4J 
rH H 
10 14-1 
O rH 
•H 3 
g to 
Q> 
J3 -0 
O C 
1 (0 
O 
•H H 
•O rH 
«} fO 
U r-i 
0 M-l 
+J 0 
tn 
10 
xi 
Ot 
0) 
• H 
o 
2 
c 
o 
Q) ^ 
O t>> 
(0 H 
. . n 
0) oo 
C >^ 
O M 
(U 4J 
U (0 
< 5 
tu 
to 
<a 
s: On 
> i 
M 
10 
C 
0 
• H 
+J 
10 
•P 
to 
to 
4J 
0) 
0) 
£ ! 
to 
r H 
0) 
a> 
ro 
o 
• H 
rH 
•H 
to 
to 
c 
o H 
c 
<: 
1 ' i " 
O 1 
H CN ^ 
O 
^ to 
1 tn 
O -
H 1 ro 
* O 
M to 
53 
o 
•H 
C 
10 
O i 
)H 
0 
c 
•H 
<W 
o 
c 
o 
•H 
•U 
a M 
O 
(0 
T3 
< 
• ^  
(0 
H 
0) 
a» 
X 
0) 
•0 
ro 
Si Q* 
0) (0 
c 0 
(0 
c 0 
•H 
c (0 
ro 
O 
Z 
•H 
H^ 
z ro 
• ^  
TJ 
c 
ro 
•H 
J 
ro O 
O 
Z 
s 
z 
r H 
o 
• 
o 
o 
u 
ro 
33 
U 
z ro 
r H 
0 
c ro 
X! 
+J 
0) 
1 
ro 
O 
Z 
K 
Z 
H 
o 
• 
o 
o 
o 
I 
o 
(N 
I 
X 
0) 
-a 
ro 
x; 
•H 
O 
ro 
C 
U 
ro 
£! 
CM 
—' 
.—^  
ro 
^ (0 (0 
04 
04 
D 
a> 
ro tc 
o.'H 
O I ro I ro 
H O O 
" m u 
I 
r H ^ V 
U I ro I •<1' 
O O 
^ H rH 
U 
QQ 
H 
CM 
% 0) 
3 
cr 
•H 
C 
a 
o 
o 4J 
0 1 
c 
• H 
•0 
c 0) 
0 (0 
< 
1 
c 1 
0) 
c 0 
+J 
(U 
o 
ro 
rn 
B 
Z 
iP 
00 
rM 
to 
0) 
(0 
ro 
0) 
M 
O 
C 
•H 
0) 
3 
H 
ro 
> 
c 
•H 
0) 
to 
ro 
0) 
M 
VW t > 
X 
H 
g 
0 
o 
rH 
c 3 
M 
C 
•H 
0) 
r! 
+J 
r: 
•p 
• r l 
5 
ro 
. « CI .^ 
• ^ ^ 
.—s 
ro 
•• 
ro 
r H 
• • 
- * ' . ' - » * 
a)cN 
c •• 
Oro 
P ^ 
OJO 
O (N 
rOac 
\ Hf^O) 
osc flZ(0 
ro X 
+j J P O 
3 ' » .H 
XJCMxJ 
• (0 
c 0 
H 
c 
ro 
m 
o 
to 
3 
• H 
TJ 
ro 
M 
t 
-o 
• H 
O 
rO 
U 
• H 
+J 
0) 
U 
ro 
1 
V 
c 0 
• p 
0) 
o ro 
• 
,-^ 
o 
CNJ 
• • 
• • 
o 
CM 
^^  O 
CM 
s 
o 
u 
<u s 
(U 
to 
0 
0) 
•o (0 
g 
>1 
•d 
ro 
0) 
M 
to 
o 
rH (0 
r^ rH 
U i n Q4 
vo 
rH 
o 
u 
to 
z u 
^ 1 
u CQ 
1 
r H 
U 
% 1 
tiM 
«k 
1 • * 
0 
M 
I CO 
0 
H 
^ 1 
H 
% 
1 
z 0 
to 
^ 1 ro 
0 
M 
SQ 
CM ^ 
0 
u 0 
^ 1 
ro VD 
— « . 
z 0 
• ^ . ^ 
0) 
CI4 
1 OI 
0 
z 
1 n 
0 
z 
^ 
1 
CN C ^ 
0 
fN 
M 
0 
^ 1 fn 
0 
> 
% 1 
tN 'S' 
0 
0 
S 
% 1 
CN ^ 
0 
s 
• to 
c 
0 
•rH 
c 
ro 
U (1) 
J5 
+J 
0 
•0 
c 
ro 
(0 
0) 
u 
c 
0) 
M 
0) 
>M 
0) 
35 
in 
H H CNJ 
54 
n 
0) 
Xi 
c 
o 
u 
(0 
c 
0) 
g 6 
o 
u 
01 
(0 
Si 
0) 
rH 
•H 
XI 
O 
s 
c 
o 
•H 
4J 
c 0) 
> 
0 
0) 
4-1 
0 
•p 
o 0) 
«<-l 
4-4 
a> 
> i 
TJ 
3 
4J 
W 
C 
0 
H 
+J 
10 
10 
a (U 
(0 
c 0 
c 0 
H 
•n 
•H 
(0 
0 
a* 
s 0 
o 
t! 0 
c 0 
•H 
+J 
(0 
U 
•H 
4-1 
• H 
4-1 
C 
0> 
X) 
• H 
n 
c (0 
• (0 
c 0 
•H 
C 
fO 
(0 
• H 
(0 
> i 
H 
(0 
C 
(0 
0) 
> 
•H 
•p 
(0 
4J 
•H 
r-i 
(0 
3 
Oi 
1 
0 
•H 
n +j 
M 
0) 
> l 
(0 
i H 
^ (0 
c 0 
H 
c 
m 
>H 
0 
•M 
c 0) 
a DJ 
0 
H 
0) 
> 0) 
•0 
3 
o 
o i n 
CO 
CO 
a> 
c 
t 
a 
ro 
1 
i n 
• 
-H 
(U 
a 
•H 
-P 
-0 
(U 
X 
•H 
a 
X 
•H 
CO 
1 
> i 
-U 
G 
(0 
IS 
H 
O 
•M 
C 
a 
cn M 
0 
CO 
3 
0 
O 
3 
CT 
<0 
CO 
S 0 
+J 
CO 
> l 
CO 
•p 
c 0) 
> i H 
0 
CO 
0) 
c 
0 
•p 
(U 
o (0 
a> 
c 
•H 
C 
•M 
CO 
•P 
G 
0 
O 
rH 
0 
c 
nj 
x: p 
(U 
•« H 
0 
G 
(0 
£ 
-P 
0) 
a 
•^  
<-i 
0 
a (0 
:h 
0 
M 
a* 
• « 
H 
0 
G 
•0 
•P 
3 
XJ 
• * M 
0) 
J3 
P 
(U 
^ (U 
G 
10 
X 
0 
•H 
XI 
1 
4J 
(U 
• ^  
a> G 
0 
P 
(0 
o (0 
rH 
> 1 
•P 
o 
o (0 
M 
0 
r-1 
o 
u 0) 
o 
> 1 
H 
C7> 
• « (U 
G 
CU 
r-H 
t 
(0 
•H 
G 
0 
e 
% 
•« 
> i 
M 
to 
c 
u 0) 
•p 
t > 
> 1 
M 
10 
G 
•H 
00 
T3 
C 
eO 
> i 
M 
10 
G 
M 
(U 
-P 
M 
(0 
3 
a* 
CO 
Q) 
M 
3 
•P 
X 
•H 
£ 
> i 
u 10 
G 
(0 
+J 
G 
0) 
a 
XJ 
G 
(0 
CO 
3 
0 
0 
3 
CT 
«0 
4-1 
0 
CO 
P 
G 
CU 
> H 
0 
CO 
o 
•H 
G 
m 
a> M 
0 
•^  
u 
<0 
+J 
10 
s 
en G 
•H 
G 
•H 
(0 
P 
G 
0 
0 
• « 0) 
c q •P 
0) 
o 
10 
• ^  
10 
•H 
G 
Q B 
B CO 
• ^  
H 
0 
G 
(0 
J3 
+> Q> 
% H 
0 
G 
10 
X! 
P 
9! 
a 
0 
c 
<0 
04 
0 
M 
a< 1 
c 
•« r-i 
0 
G 
10 
+J 
3 
XJ 
• 
M 
a> Si 
•P 
0) 
V4 
0 
0) 
G 
•H 
XJ 
-H 
M 
> i 
CU 
0) 
CO 
a X! 
Qj 
> i 
U 
(0 
G 
0 
•H 
•P 
10 
+J 
CO 
0) 
G 
•H 
^ 
r-l 
(0 
+J 
CO 
> 1 
M 
O 
O 
U 
U 
•H 
>s 
0) 
CO 
O 
r H 
3 
r H 
r H 
(U 
O 
cv) r^ 
O 
r»i 
M 
O 
^ 1 
CNJ M* 
o M 
O 
T3 
G 
•0 
1 
CM 
^ 
n O 
H 
CO 
G 
0 
•H 
G 
(0 
V4 
0) 
i : 
+ j 
0 
(U 
G 
•H 
H 
H 
<0 
P 
CO 
> i 
U 
o 0 
M 
o 
•H 
s 
^ 
1 CO 
O 
H 
u 
% 
en 
O 
Z 
^ CN 
O 
z 
cu CO 
0 
r-\ 
3 
H 
H 
0) 
O 
^ 1 
Z 
u 
en 
% 1 CO 
O 
M 
CQ 
1 <» 
n vo 
^ • » 
z 
u 
—* 
cu 
EK 
1 
^ VI 
—^ 
z 
u 
- « o 
CU 
EM 
% 1 
Z 
u 
1 ^ 
en 
«n 
H 
Si 
Id 
EH 
•0 
•P 
0 
u 
0) 
o 
c 
0) 
M 
(U 
•p 
c 
0) 
s 
B 
(U 
(0 
m 
0) 
o 
0) 
U) 
m 
n 
>1 
M 
(0 
c 
o 
•H 
+J 
+J 
w 
(0 
c 
o 
•H 
c 0 
•H 
•P 
ID 
M 
<0 
a< 0) 
U} 
0) 
> 
•H 
•P 
flj 
P 
•H 
H 
rO 
3 
O 
1 
c 0) 
o 
c 
0 
0 
c 0 
•H 
G 
(0 
E 
3 
e 
•H 
+J 
a 0 
• 
'^ 
JO 
H 
1 
i n 
> 
o 
^^  
c 
0 
•H 
•P 
OJ 
M 
•P 
a> 
•H 
i 3 
0 
e 
c 0) 
> 
0) 
(0 
> 1 
*J 
c <0 
s 
CO 
3 
0 
•.^  
M 
m > 
^ 
0 
(0 
0) 
(0 
(0 
x: 
t 
CO 
c 0 
•H 
•P 
• H 
CO 
0 
Qj 
6 0 
H Qj O 
•H 
C 
o o o 
•H 
g 0) 
c 0) 
CO 
o 
•p 
(0 
> i 
u 
u o 
0) 
•p 
c 
0) 
o 
CO 
(U 
M 
o 
3 
H 
M-l 
m 
c 
•H 
o 
•p 
n) 
o 
•H 
c 
O 
U 
I 
H 
-«. 1 rn 
I O 
H M 
» I ro 
I O 
U CQ 
H 
CM 
CO 
c 0 
•H 
U 
10 
M 
10 
a^  0) 
CO 
0) 
> 
•H 
+J 
(0 
+J 
•H 
rH 
(0 
3 
Oi 
1 
> i 
X 
0 
T3 
C 
(0 
c 0) 
Ol 
0 
H 
(0 
r: 
w 0 
• 
CO 
c 0 
•H 
C 
rcj 
U 
<0 
H 
0 
a 
T3 
C 
(0 
0 
•H 
CO 
(0 
m 
en 
g 
0) 
•p 
CO 
> 1 
CO 
•p 
c 0) 
> 
rH 
0 
CO 
o 
CO 
O 
H 
3 
H 
H 
0) 
U 
CQ 
I * 
r-i 
U 
b 
I 00 
O 
I ro 
O 
M 
0) 
-P 
O 
O 
z 
T3 
C (0 
C 
o 
D O 
CO 
<y\ 
H 
CM 
^ 
c 0 
•H 
+J 
0 
(U 
p 
0) 
T3 
0) 
> 
•H 
•P 
, H 
' CO 
C 
0) 
CO 
• ^ 
—» 
"S" 
t « 
r^  
._» 
U 
(U 
•p 
(0 
:» 
1 
rH 
0 
c (0 
Si 
+j 
u 
o 
vo 
33 
H 
0) 
(0 
O 
•H 
H 
•H 
C/5 
> 
•H 
m 
>i 
c 
EH 
CO 
3 
0 
•H 
M 
K) 
> 
n 
+J 
•H 
? 
CO 
c 
0 
•H 
c fl 
1 
3 
w 
X 
IT 
o 
rH 
0 
c HJ 
•p 
3 
j a 
o 
CO 
0 
H 
3 
<0 
o 
a 
r 
(0 
•H 
C 
U 
O 
• CO 
4J 
c 0) 
I7> 
10 
(U 
u 
c 0 
•H 
•P 
0 
(0 
P 
(U 
•d 
X. 
0 
•<* 
B 
z 
dP 
i n 
CN 
1 
VI 
0) 
+J 
(0 
• 
c 
•H 
H 
rH 
(0 
•p 
(0 
>1 
iH 
u 
0 
o 
•H 
e 
o 
• H 
0 
10 
0 
C! 
• H 
'—% 
H 
• • 
VO 
rH 
• • 
30 
• • 
vo 
H 
—^* 
• 
CO 
c 
0 
• H 
c 
10 
o 
CM 
r j 
•0 
0) 
+> (0 
U 
3 
to 
CO 
(0 
c 
•H 
+J 
c (U 
E 
a 0 
rH 
Q) 
> (1) 
D 
0) 
C 
0 
+J 
0) 
0 
(0 
1 
10 
•H 
c Q 
e E (0 
CUP 
00 
CM 
<U 
CO 
0 
t-i 
3 
<-i 
rH 
0) 
O 
•0 
a> 
10 
o 
o 
0) 
OJ 
i ro 
O 
z 
0 
u 
^ 
^ E 
o 
o 
rH 
c 3 
M 
^ 
U 
0) 
^ 
(0 
s: 
o 
ro 
• • 
n 
rH 
• • 
U) 
-^^  
rH 
o 
c <0 
+> 3 
SI 
1 
c 1 
•"^  
M 
u M g 
(0 
+) 
to 
rH 
\^ 
o 
M 
CQ 
V 1 
O O 
Z CN 
- U 
1 ^ U 
O -
H 1 
»CM^ 
1 rn o 
O U 
H U 
(0 
0) 
+) 
to 
a. 
CO 
0 
CU 
% 
to 
0) 
+J 
(0 
m 
rH 
3 
CO 
o 
•H 
c 10 
en 
u 
0 
CQ 
c 
0 
•H 
c 
(0 
0) 
x: 
+j 
0 
•0 
c (0 
5: 
« 
CO 
0) 
+> to 
M 
•P 
•rl 
c 
•0 
c to 
(0 
Q) 
u 
c 
a> 
u 
(1) 
0) 
56 
CO 
c 
i 
e 
o 
u 
o 
•H 
+J 
O 
0) 
+J 
(U 
•o 
•d 
c 
n] 
C 
O to 
•H C 
+> o 
nj -H 
V4 C 
(0 (0 
w o 
CM 
CN 
CM 
a 
0) 
3 
tt) -O 
73 -rl 
u 
• a 
E-t 
> 
• H 
+J 
+> 
c 
n 
to 
0) 
u 
u 
M-l 
o 
c 
o 
• H 
4J 
c 
m 
a 
o 
o 
c 
• H 
n 
CM 
CM 
«t-l 
O 
(0 
4J 
O 
0) 
IH 
IM 
0) 
14-1 
O 
c 
0 
• H 
+J 
(0 
c 
• H 
£ 
(0 
X 
w 
o 
M 
+J 
to 
c 
14-1 
o 
0 
• H 
+J 
M 
i 
3 
o 
> 
o 
o 
o 
(0 
(0 
(0 -H 
•H C 
i I 
(0 
3 
O 
0) 
3 
cr 
(0 flj 
O 
C 
o 
• H 
4J 
c 
m 
c 
O 
C 
o 
o 
O 13 
H C 
(0 m 
0) 
s: 
c 
o 
«4-l 
o 
o s 0) (0 
X O 
M-l 
(1) «M 
iH 0) 
•H 
O 
e 
c 
o 
• H 
Q) (0 
c 
•rl 
U 
(0 
(0 
c 
o 
• H 
c 
10 
CM 
CM 
c 
3 
V4 
0) 
3 
cr 
• H 
c 
u 
c 
• H 
•o 
c 
a> 
u 
(0 
< 
I 
lO 
V4 
10 
a , 
(0 
a) 
> 
• H 
<a 
+1 
•H 
fH (0 
3 
e 
u 
c 
o 
• H 
4J 
«0 
U 
(0 
0) 
(0 
g 
10 
VI 
0 1 
o 
u 
o 
• H 
10 
VI 
(1) 
(0 
£ 
o 
V4 
<4-l 
(0 
o 
(0 
> c 
» w (0 (0 
c 
o 
• H 
Vl 
u 
14-1 
o 
10 
0) 
Vl 
o 
o 
m 
(0 
(U 
r-l 
• H 
o 
2 
•H 
o 
(0 
o 
• H 
£ 
o 
M-l 
I 
o 
c 
o 
+) 
0) 
o 
u 
(U 
+) 
9 
(0 
0 
,c 0 
CO 
(0 
3 
0 
•H 
M (0 
> 
CQ 
3 
0 
3 
cr 10 
s: 
•H 
> 
•0 
0) 
X 
•H 
£ 
CO 
•H 
c 0 
£ 
1 
M 
0) 
>H 
M-l 
3 
^ 
(0 
• H 
C 
o 
E 
n 
0) 
(0 
rO 
x: 
Ci4 
u 
(0 
c 
o 
• H 
+» 
(0 
+J 
CO 
o 
en 
(0 
o 
•H 
iH 
•H 
w 
t7l 
(0 
o 
•H 
iH 
• H 
w 
o 
•H 
c 
c (0 
+J 
CO 
•0 
0) 
+1 
10 
u 
•o 
> 1 
a 
(1) 
•o 
•H 
X 
0 
n vo 
0) 
r H 
Si 
to 
E-i 
•C3 
+) 
C 
o 
u 
CO 
c 
o 
• H 
c 
!Z 
U 
%>.^  
cu b 
"* 
g ^ v o 
U 
cn 
1 
z 
u 
--^  
z 
u 
^ (X4 
1 
Vl 
(Q 
I ' * 
o 
I n 
O 
CO 
c 
o 
• H 
c 
to 
0) 
£ 
o 
CO 
m 
0) 
09 
0) 
O 
c 
0) 
VI 
0) 
u-l 
0) 
« 
+J 
c 
o 
E 
e 
o 
u 
XI 
m 
• 
t 
• 
• 
•O 
+J 
c 0 
u 
n 
c 
o 
•H 
c 
< 
i n 
CM 
(0 
C 
O 
• H 
C 
>1 
c 
0) 
0) 
M 
O 
o 
V4 
4J 
o 
(1) 
rH 
(U 
c 
(0 
0) 
0) 
U XJ 
VI 
0) 
m 
04 
ro 
O 
• H 
V4 
•P 
0) 
£ 
0 
+J 
• H 
(0 
c 
d Q) 
c 
• H 
CO 
c 
o 
C 
rO 
u-i 
O 
0> 
to 
(0 
J2 
04 
(1> 
r^ 
•H 
XI 
0 
s 
c 
0 6 £ (0 
•o Qi 
•P 
<0 
U 
+> 
c (U 
o 
c 0 
u 
_^^  
CN 
• • 
rH 
^^ 
iH 
0 
c 
m 
cu 0 
u Ou 
1 
c 1 
1 
c 1 
u 0) 
+> (0 
» 
1 
0) 
c 
•H 
•0 
•H 
M 
> I 
a 
^ i n 
• • 
m 
• • 
n 
>-' 
iH 
o 
c (0 
+J 
13 
XI 
0) 
(0 
n) 
x: 04 
> i 
V4 
CO 
C 
0 
•H 
+> 10 
4J 
CO 
^ i n 
04 
iH 
O 
IM 
3 
iH 
•H 
W 
c 
0) 
04 01 
•H <0 
u 
> i 
(0 
04 
(0 
CO 
<0 
(U 
c 
e 
rO 
•O CO 
C 0) 
10 CO 
to 
I n fO 
O rH 
^ O 
O 
c 
O I 
•H ro 
•P 
C 
•H 
u 
o 
<L) 
•P - ^ 
(1) O 
Q Ci4 
VI 
0) 
x: 
I ^ » O 
0 - » I ^ 
C I I O "O 
S fN'^«Nr~- H C 
» O O * fO 
1 S cMi n 
f^VD * Vl O I f*1 
^ I -^ (J U O 
zvocM I m z 
U O «NCM « 
^-' r^ O I CO I o j 
Q) O H O O 
fc S U > Z 
CO 
c 
o 
(0 
ID 
CM 
CM 
to 
c 
o 
• H 
(0 
u 
10 
04 
(U 
to 
> 
• H 
+> 
(0 
4J 
• H 
•0 
3 
o 
I 
0) 
c 
0) 
N 
c 
I 
r-i 
o 
c 
(0 
x : 
+> 
a> 
s 
l-l 
>1 
x: 
+j 
(U 
0) 
+j 
(0 
•p 
o 
(0 
> i 
+> 
0} 
W 
z 
I 
0) 
c 
o 
+) 
CM 
\D 
lO 
>1 
x: 
O ID 
H 
0) 
Di 
<0 
O 
•H 
iH 
•H 
W 
1 en 
O 
Z 
* 
1 
VI 
CQ 
^ 1 
rH 
U 
I 
1 
H 
1 
z 
u 
CO 
r-CM 
CM 
(» CM 
CM 
57 
• 0 
§ 
to 
c 0 
•H 
c (0 
CM 
CM 
M-l 
0 
u J 
H 
.^^  
iH 
•• 
rH 
"^ 
a> 
c 0) 
c^  
c 0) 
X! 
1 1 
0) 
c 0 
+» (U 
o 
< 
c 
0 
• H 
4J 
o (U 
4J 
0) 
• 0 
^ to 
c 0 
•rl 
4J 
10 
o 
i n 
CM 
• 
CM 
«—. 
z 
u 
• < _ ^ 
D1 
s 
to 
<0 
1 
z 
u 
MH 
0 
1 
u 
0) 
+J 
0) 
- 0 
0 
•H 
E 
• 0 
c to 
c 0 
•H 
+) 
o 0) 
4J 
(U 
a 
M 
a> 
+J 
<0 
1 
1 
(U 
c 0 
+> 
<u 
o 
<0 
1 1 
rH 
0 
c fO 
+J 
3 
P3 
CO 
c 0 
•H 
c (0 
«4H 
o 
c 
0 
•H 
+» 
«0 
c 
•H 
£ 
^^ 
CM 
• t 
c^  
•• 
<J^  
^-' 
• 
> 1 
h 
+J 
0) 
g 
0 
+J 
•H 
CO 
c (U 
•0 
x: 
+J 
•H 
s 
rH 
0) 
en 
<0 
o 
•rl 
rH 
•H 
CO 
CD 
c 0 
•H 
c (0 
o 
5 
+> 1 
> 1 
+J 
c 0) 
> 
EH 
u 
<u 
- 0 
c 
•H 
XJ 
x: 
o 
u 10 
+J 
CO 
1 
z 
u 
(0 
01 
c 
•rl 
t 3 
3 
rH 
u 
c 
•H 
o 
0) 
0 1 
(0 
o 
•H 
rH 
•H 
CO 
0 
c 0) 
0) 
CO 
^ 
Z 
u to 
(U 
+> s 
«0 
> 1 
u 
n 
0) 
(0 
E-i 
0) 
0) 
o 
c 
(U 
M 
0) 
M-i 
0) 
58 
(0 
c 
i 
E 0 
u 
0) 
(0 
Q) 
iH 
0 
S 
0) 
(0 
(0 
x: 
(I4 
>i 
u 
(0 
c 
o 
• H 
+J 
(0 
CO 
CM 
r>4 
c 
o 
a* 
(0 
s: 
+> 
(0 
o 
o 
0 -H 
+J 
10 
E 
O 
u 
Xi 
u 
M 
0) 
+) 
(0 
I 
0) 
c 
o 
+J 
0) 
(0 
c 
•H 
x: 
4J 
V4 
0) 
I 
o 
U 0) 
< e 
0) 
en 
iG 
O 
• H 
rH 
•H 
(0 
n 
O 
c 
0) 
+) 
M 
3 
+> 
nj 
(0 
O 
C 
(0 
4J 
£1 
(U 
D» 
(0 
O 
•H 
rH 
•H 
CO 
Z I 
U «• rovo 
CO I CM ' - * 
» O Z 
I 2 U 
U I n Q) 
» O fa 
CQ 
C 
o 
•H 
c 
(0 
u 
0) 
J3 
• 
•0 
+) 
c 0 
u 
(0 
c 0 
•H 
c 
<: 
1 
u 
n ^
 
1 
H 
H * +J 
» 1 0 
1 n c M ^ 
0 0 TJ 
V4 M C 
CQ u n] 
en 
O 
Z 
as 
z 
CM 
• H 
5 
o 
CM 
> 1 
M 
0) 
> 
0 
^ 
>^  
•0 
c (0 
c 0 
•H 
+) 0 
0) 
+J 
0) 
Q 
1 
r^ 
0 
c 
n) 
a 0 
u Q< 
1 
i H 
0 
c 
<a 
+j 
3 
CQ 
tT> 
3 
0 
•0 
U 
3 
0 
rH 
4-1 
e 0 
M 
U-* 
1 ro 
0 
l-l 
CQ 
4-1 
0 
-—> 
i H 
•• 
n 
• • 
r-i 
^^ 
V4 
0) 
+> (0 
s 
u 
•-^  
H 
M 
Q) 
4-> 
4-1 
(0 
U) 
•0 (0 
0) 
U 
Xi 
-0 
c 
ro 
• 
C 
0 
•H 
+> 
R) 
V4 
Id 
0^ 
0) 
IQ 
c 
0 
•H 
+J 
10 
u 
04 
0) 
0) 
0) 
> 
•H 
+» (0 
+J 
•i-l 
4J 
c (0 
3 
en 
+» 
c 
0) 
c 
0 
a< g 0 
0 
1 
(I) 
rH 
a> 
c 
•H 
cn 
> i 
c 
«j 
s 
n 
c 0 
•H 
C 
KS 
4^ 
0 
> i 
u d) 
> 
0 
0 
a> 
u 
•0 
c (0 
4J 
c (U 
> 
H 
0 
(0 
"0 
0) 
X 
•H 
g 
T) 
C 
10 
^ 
0) 
X 
•H 
4H 
•0 
c (0 
J5 
0 (0 
0) 
rH 
XI 
B 
0 
M 
4H 
C 
•H 
C 
•H 
(0 
+J 
c 0 
0 
CO 
£ 
0 
+J 
(Q 
> i 
0) 
• CO 
c 0 
•H 
JJ 
3 
rH 
0 
(0 
CO 
rH 
0 
x: 0 
u 
rH 
10 
0 
•H 
>H 
•o 
>^  
x: 
> i 
rH 
0 
a 
•« 
0) 
c 
•H 
P 
(3 
r-H 
> 1 
x: 4J 
0) 
£ 
• 
rH 
> 1 
x: 4J 
i 
•H 
•0 
•» 
10 
•H 
C 
0 
£ 
(3 
•«. 
V4 
0) 
+) to 
^ 
• •. 
0) 
•0 
•rl 
£ (0 
e V4 
0 
4H 
•0 
c (0 
(1) 
c 
•rl 
•0 
•H 
M 
> 1 
0* 
• « 
CO 
0) 
c 0 
4J 
0) 
>J 
rH 
(U 
D1 
(0 
O 
•H 
CO 
I CO 
O 
U 
CQ 
CQ 
U 
0) 
+) 
CD 
0) 
•0 
c (0 
0 
r-{ 
0) 
0> 
10 
0 
•H 
rH 
•H 
cn 
0 
(0 
c 
•rl 
£ 
3 
H 
10 
•0 
c (0 
1 1 
^^ 
z 
u > > . ^ 0) 
fa 
. ^ - N 
z 
0 ^ k . ^ 
<u 
fa 
59 
to 
o 
c 
Q) 
U 
(0 
0) 
(0 
c 
0) 
E 
£ 
o 
u 
(0 
(0 
0) 
iH 
•H 
XJ 
o 
s 
CM 
n 
CM 
CO 
CO 
CM 
CO 
CM 
CO 
CM 
+> 
o (U 
+J 
0) 
•0 
0 
4J 
(U 
V4 
9 
-0 
0) 
o 0 
u 
a 
u 
i j 
EH 
< 
dP 
O 
1 
rH 
0 
c 
n) 
+> 3 
1 
(U 
c 0 
+> 0) 
o 
< 
c 
•H 
0) 
0) 
rH 
i-R) 
(0 
0) 
3 
m (0 
•H 
+J 
c 
•H 
1 
V4 
P3 
• • 
CM 
• • 
• • 
CO 
H 
>-» 
U 
<0 
5 
» 
1 
EC 
O 
^ 
a 
z 
1g 
0) 
cu 
>1 
A 
1 
H 
o 
IM 
0 
Q) 
O 
c 0) (0 
Q) 
M 
a 
0) 
x: 
+> 
n 
4J 
i H 
3 
ID 
0) 
tf 
• 
+) 
c 0) 
E 
Q) 
y 
(0 
(0 
Q) 
g 
(0 
(U 
M 
•0 
3 
i n 
• 
o 
CM 
O 
• 
o 
u 0 
«w 
u 
m 0) 
c 
•H 
f-i 
0} 
H 
m 
• 
1 
u 03 
i H 
0 
e 
c 
0 •H 
•P 
n) 
c 
•H 
g 
0) 
+» 0) 
•0 
o 
•H 
u 
+J 
0) 
e 0 
+) 
•H 
(0 
c 0) 
D 
'-^ 
H 
• • 
S h ^ 
K 
O 
* t 
ac 
z 1 
rH 
0 
c 
n) 
ft 
0 
V4 
04 
* 
CO 
O 
z 
M-l 
0 
c 
0 
0) 
c 0 
•H 
+J (0 
M (0 
04 
0) 
m 
<u 
> 
•H 
+J 
n> 
+J 
• r l 
r H 
m 3 
O 
1 
0) 
0 
o CD 
o u 
o 
,rJ 
g 
•o 
a) 
4J 
Id 
0 
u 
a) (D 
o 
r-i 
3 
r H 
r H 
(U 
o 
t 
(0 
(U 
•o 
•H 
H 
(0 
ID 
c 0 
+) 
10 
VH 
rO 
Qj 
Q) 
0) 
0) 
> 
•H 
4J 
10 
4J 
•H 
rH 
(0 
3 
a 
1 
H 
0 
c 10 
+» 3 
XI 
1 
c 
0) 
c 
0 
•p 
(U 
o 
< 
0 
c 0 
•H 
+> 
g 
• r l 
MH 
•H 
+> 
c Q) 
•0 
•H 
•0 
c (0 
H 
•• 
•• 
•<r 
•• 
s . ^ 
o CM 
sc 1 
CO 
X 
z 
* 
o 
c 0 
0 
• (0 
c 0 
•H 
c 
•0 
rH 
0 
c 10 
0) 
1 
t-i 
0 
c (0 
+) 
3 a 1 
c 
•0 
c (0 
M 
Q) 
+» (0 
^ 
1 
CO 
z 
• 
o 
c 0 
o 
r^ 
•• 
r H 
•• 
CM 
•• 
CNJ 
**m^ 
<u 0) 
(0 
x: 04 
> 1 
u 10 
c 
o 
•H 
+) 
<0 
+) CO 
r H 
(U 
en 
(0 
o 
•H 
t-i 
• r l 
CO 
' i ' 
i n 
CM 
r H 
0 
UH 
3 
r-i 
•H 
CO 
0) 
CO 
0 
r-i 
3 
r H 
r H 
0) 
u 
rH 
0) 
D^ 
rO 
o 
•H 
rH 
•H 
CO 
CO 
c 
< 
VI 
CQ 
^ 
1 
iH 
u 
CO 
CM 
•8 
0 
VM 
C 
• r l 
CO 
O 
z 
MH 
0 
c 0 
•H 
4J 
o 0) 
4J 
0) 
D 
•P 
M-l 
• r l 
b 
» CO 
0) 
r H 
Q> B 
<0 
CD 
V^  
0) 
+> fO 
> 
TJ 
C 
•0 
0 
•0 
CD 
c 0 
•H 
c (0 
u 0 
CO 
c 0 
•H 
• p 
fO 
o 
0) 
> 
•H 
UH 
c 
0 •H 
o 
0) 
4J (U 
n3 
c 
• r l 
(1) 
M 
0) 
M-l 
^ 
0) 
+J 
c 
•H 
4J 
0 
c 
0) 
en 
(0 
O 
• H 
H 
• H 
CO 
ro 
X 
•H 
CO 
1 
> i 
•P 
c 0 
^ 
E H 
CO 
C 
o 
• r l 
c (0 
^ 
1 
H 
1 
u CQ 
^ 
i 
r-i 
u 
» 1 
1 C M ^ T 3 
Z O C 
U H CO 
CO U 
^ ^ ^ 
1 CO 1 ro 1 
O O covo 
H Z ' -
CQ » Z 
« 1 • * U 
i co O - ^ 
O C <U 
M S fa 
• 
CD 
C 
0 
• r l 
c 
to 
u 9) 
A 
4J 
0 
i c o 
o Z 
to 
0) 
o 
c 
0) 
M 
0) 
«M 
0) 
n 
CM 
00 
00 
CM 
n o ^ 
M 
60 
n 
0) 
•p 
c 
o 
u 
m 
c 
(U 
e 
e 
o 
u 
0) 
(0 
10 
0) 
iH 
•H 
jQ 
O 
CO 
c 
o 
•H 
c 
o 
•H 
M 
+> 
0) 
o 
4J 
•H 
0) 
C 
o 
•o 
•o 
c 
n) 
U 
E-t 
O 
c 
o 
c 
£ 
0) 
+) 
0) 
0) 
CO 
(0 
£ 
CM 
> i 
V^  
»0 
c: 0 
-H 
+> 
m 
+) 
en 
t-t 
0) 
CJ> 
(0 
o 
•H 
•H 
•H 
(0 
5 
n) 
to 
C 
•H 
0) 
+J 
•H 
M 
+J 
•H 
c 
I 
M 
0) 
+» 
(0 
I 
0) 
c 
T3 
•H 
M 
> i 
(l4 
s 
o 
^ X 
z 1 
i H 
0 
c Id 
-^« 
r-l 
• V 
00 
• « 00 
c 
• H 
V4 
CQ 
0 
0 
•H 
4J 
O 
0) 
4J 
0) 
T) 
U 
J 
EH 
<U 
O 
C 
0) 
(0 
0) 
M 
3i 
0) 
£ 
+) 
n3 
•H 
u 
m 
u 
• H 
4J 
Q) 
O 
<0 
I 
0) 
c 
0) 
3 M 
O in 
I CM 
O 
13 
C 
u 
CQ 
CO 
c 
o 
•H 
+> (0 
(0 
04 
0) 
CO 
0) 
> 
•H 
+> 
«0 
4J 
•H 
iH 
ns 
3 
a 
1 
0> 
(U 
M 
Q. 
£ 
•rl 
rH 
0) 
Di 
rO 
O 
•H 
i H 
•H 
CA 
1 
0) 
M 
3 
0 
1-1 
IM 
J3 
+> 
• H 
•0 
<u 4J 
ta 
c 
c 
•rl 
(U 
0 
(0 
•o 
c (0 
o 
i H 
0) 
D1 
(0 
o 
•H 
rH 
•H 
CO 
<U 
+J 
R) 
X( 
JO 
> i 
i H 
0 
e 
- '-N 
> H 
^^  V^  
N 
I n » 
0 I 00 
H o 
» Z 
I 
In 1 r>) 
> O 
1 2 
u 
CQ I ro I 
"> O OO** 
I U O 
M CQ PM 
1 
G 
•H 
g 
0) 
+) 0) 
•o 
g (0 
v^  
a> 0 
u 0 
• r ( 
g 
•0 
•H 
04 
m 
« 
•0 
•H 
O 
(0 
O 
•rl 
c 
«J 
01 
>^  0 
CO 
3 
O 
0) 
3 
tr 
< 
(U 
•0 
•H 
c (0 
> 1 
o 
•H 
Wl 
V4 
0) 
I M 
M-l 
0 
c 
0 
•H 
•P 
0) 
•P 
(0 
E 0 
u 
s: 
o 
•H 
•0 
T) 
C 
« 
'-^  01 
3 
^ 1 
rH 
""* 
9 
CO 
c 0 
•H 
*-* CP 
3 
o 
H 
1 
(N 
-^^  
to 
c 0 
•rl 
c 10 
M-l 
0 
c 0 
•rl 
+J 
0 
0) 
4J 
(1) 
D 
£ 3 
•H 
•0 
0 
to 
CO 
3 
0 
OJ 
3 
cr 
r< 
V4 
0) 
•o 
c 3 
H 
0) 
> 0) 
H 
£ BJ 
(•( CP 
0 
c (0 
c 
4J 
«0 
0) 
(CJ 
rH 
> 1 
o 
•H 
rH 
<0 
CO 
* 
+J 
•C 
en 
•H 
rH 
> D 
o 
rH 
0) 
cr> 
o 
•H 
rH 
•H 
CO 
•H 
O 
(0 
O 
•H 
C 
•H 
•P 
C 
(0 
I 
I roco^ 
0 O 
U to 
CQ < 
I I I 
H tN^csj ro 
— O O 
1 ^ fs CM 
O U 10 
I ro CO 00 ^l* 
O Z O 
H U 04 
0) 
to 
O 
0) 
U 
I 
CM 
CO 
I 00 
O 
I CM 
o 
n 
0) 
Xi 
(0 
EH 
C 
o 
u 
en 
0) 
o 
0) 
M 
Q> 
lU 
0) 
Pi 
in 
•P 
c 
0) 
£ 
E 0 
u 
0) 
CO 
(0 
£ 
04 
0) 
t-i 
•H 
^ 0 
2 
a> 
en 
m £ 
0^ 
> i 
u (0 
c 0 
•H 
4J 
(0 
+J 
W 
CO 
c 0 
•H 
c 
< 
CM 
'T 
fM 
^ 
r^ 
> l 
5 
0) 
g 
H 
iH 
> 1 
£ 
+> 
0) 
« 
0) 
c 
o 
•p 
0) 
o 
< 
c 
0) 
> iH 
0 (0 
c; 
•H 
c 
m 
en 
M 
0 
CTl 
kO 
O 
i-H 
(1) 
cn 
(0 
O 
-H 
iH 
•H 
CO 
* 
o 
^ 'rH 
0) ^ 
C Wl 
0 0 
C M-t 
0) 
£ T3 
QA C 
0 n) 
+J 
4) rH 
o o (0 1 
CN 
V 1 
Q} 0) 
c c 
0 m 
•p +J 
0) 3 
1 
0 
0 C 
O 0) 
c 
^ a 
CT> e 
C 0 
•H O 
en 
•^ 0 
> 
en 4-> 
E 
0) -
4J 4J 
cn c 
> i Q) 
cn C 
1 ^ 
o H 
^ 1 
H 
^ 1 
U 
to 
^ 1 
iH 
u 
^ 
'X^ O -
Z 1 
» C M ^ 
't^  S 
u s 
w i . ' '^  1 ' * ' O 
o u H CQ 
0) 
0> 
^ 
cn 
§ 
+J 
cn 
>, 
in 
m 
c 
s 
0) 
>; 
1 
•O 
•H 
O (0 
c 
c 0 
04 
E 0 
o 
0) 
0) 
V4 
/-• 
+5 
X! 
c 
m 
^ 
1 
C 
•H 
-0 
•rl 
> 
0 
u 
a* 
u 
0 
«H 
(1> 
rH 
A (0 
4J 
•H 
3 
in 
4J 
(0 
0 
e 
0 
C 
•H 
in 
•H 
u 
a, 
B 0 
o 
cn 
E 
0) 
4J 
in 
> i 
cn 
VI 
0) 
V4 (0 (1) 
iH 
o 
•0 
c (0 
+> 
0 
rO 
04 
E 
0 
0 
•. 
cn iH 
0 
x: 0 
o 
rH 
(0 
0) 
c 
•H 
E 
«J 
1 
^^ 
z 
u 
^ CM r>- (j4 
O ^ CMI 
1 
O 
o 
u 
• 
CO 
c 0 
•H 
+J 
<0 
VJ 
nt 
04 
<u 
CO 
CO 
H 
0 
c 0) 
£ 
04 
M 
0 
CO 
0) 
c 0 
+) (1) 
^ 
V< ro vo n 
U 
^ 
y - K 
z 
1 a^* U 
O 
U 
U 
-.^  
0) 
t l . 
ffi 
u 
-d 
c 
«J 
<*-x 
T) 
•H 
O 
m 
o 
•rl 
E 
n 0 
^H 
•0 
c (0 
cn 
»* CM 
1 
0) 
•0 
•H 
V4 
0 
r-i 
& 
o 
E 3 
•H 
•0 
0 CO 
CO 
3 
0 (U 
3 
O' 
x: 
•H 
^ 
•0 (1) 
X 
•H 
E 
0) 
c 
0 
4J 
d) 
o 
c 
rH 
(U 
cn 
•0 
•H 
rH 
•H 
m 
c 
•H 
(0 
rH 
CL4 
^ 
0) 
c 
0 +J 
0) 
o 
Id 
1 
53 
o 
^ 
p3 
2 
•0 
c (0 
<u 
c 0 
+) 
0) 
o 
cn 
3 
0 
<1) 
3 
cr (0 
V4 
(0 
rH 
o 
E 
rH 
a 
o 
1 
cn 
0) 
>H 
04 
E 
•H 
rH 
<u CJ> 
m 
o 
•H 
rH 
-H 
CO 
^ 1 r o i 
o 
z 
^ 
+> 
cn 
0 
E 
Q) 
J3 
4J 
(1) 
M 
9> 
^ 
*-*s 
rH 
• • 
<T» 
rH 
u 
(0 
z 
^ iH 
u 53 
m 
o 
c 
o 
•rl 
+> 3 
r-H 
0 
CO 
u 
<u Q4 
04 
0 
o 
£ 
+J 
•H 
> 
•o 0) 
4J 
(0 
c 
CM " * » 
o 1 
CO 
% 
+J 
CO 
> 1 
CO 
+> 
c 0) 
> 
rH 
0 
CO 
(1> 
> 
•rl 
+) 
o 
<u MH 
M-t 
0 
•0 
•H 
o 
m 
o 
•rl 
E 
u 
o MH 
•-
M 
0 
•H 
.p 
s 
rH 
o CO 
0) 
+J (0 
x: 04 
rH 
3 
cn 
>H CM •^ 
1 <n U 
o 
> 
^ 1 
M 
^ 
1 
u 
PQ 
^ 1 
z 
u 
o 
o 
^ 1 
c 
0 
•H 
+J 
(0 
V4 
01 
•rl 
E 
t-i 
nt 
•rl 
4J 
c 
<u 
M 
0) 
MH 
MH 
•rl 
• 0 
V4 
0 
m 
• • 
-0 
c (6 
a\ 
• • 
iH 
c 
•H 
s 0 
•^ J* 
X 
z 
•o 
c 10 
S t ^ '!I'I 
^ 1 
• CO 
c 0 
•H 
c Id 
>w 0 
• 
0 
•rH 
+J 
ta 
u 
1 
0 CM VO* VO 
P4 
cn CM r< >. 
^ o 1 
^ - N 
z 
u 1 CN CMM « * ^^ 
o 
z 
M 
u 
0 
s 
0) 
1X4 
^ - N 
z 
u 
«_^  Q) 
h 
^ 
<* CM 
CO 0 
H •H 
•^ i -S 
•P Qi 
0) 10 
e n tp 
r s 
Id Id 
0) E 
x: 0 
u 
«w £ 
0 0 
•P 0) 
U £ 
(U <P 
«tH 
UH C 
M 0 
V4 
a) 
•p 
Id 
> 
• 0 
Q) 
H 
rH 
•H 
+J 
CO 
•H 
Q 
iH 
0) 
tJ> 
Id 
0 
•rl 
rH 
•rl 
to 
•• 
1 CO 
0 
iH 
m -
0 1 
E 
0 
MH 
•p 
Id 
•8 
•rl 
u 
0) 04 
<4H 
0 
c 0 
•H 
+> Id 
u Id 
04 
0) CO 
1 
0> 
•0 
•H 
•0 
0 
•H 
^ 0) 
a Id 
E 0 
M 
j a 
% Q) 
4J 
Id 
•d 
0 
-rl 
1 ^OJ 5 j ^ VO 
0 0 H 0 
» s 1 n » 
0 1 
M H 
^^  
z 
u 
^^ 0) 
(L4 
0) 
•0 
•H 
c Id 
> 1 
u 0 
u 
u 
0) 
MH 
•0 
c Id 
0) 
4J 
(d 
•c 
^ 
> 1 
rH 
0 
E 
61 
• 
•0 
0 
c 
•H 
E Id 
X 
0) 
CO 
•rl 
CO 
• 
0) 
•Q 
10 
EH 
• 
• 
• 
• 
•O 
+J 
c 0 
u 
n 
0 
c 
0) 
V4 
0) 
M-l 
0) 
0] 
4J 
c 
0) 
g 
E 
0 
u 
(U 
(0 
(!) 
• H 
XI 
0 
s 
0) (0 
<a 
x: (U 
> i 
v^  
•0 
c 0 
•H 
+J 
nj 
•P 
W 
to 
c 0 
•H 
c 
< 
i n 
CM 
d) 
Si 
+J 
M-l 
0 
(0 
c 
0 
«5 
0^ 
•H 
+) 0) 
0) 
> 
c 
H 
o 
• H 
C 
m 
V4 
0 
1 
0 
• H 
• 0 . 
0 
ns 
0) 
•H 
2 
C 
• H 
3 H 
(0 
•0 
c (0 
(0 
c 
•H 
g 3 iH 
< 
0) 
c 
0 
•H 
c 
m 
c 
o 0) 
4J 
x: CT> 
•H 
W 
(0 
H 
(d 
(1) 
1 
c 
0 
- r l 
+J 
•rl 
(0 
c 
Id 
VI 
4J 
VH 
0 
+) 
o 0) 
14-1 
M-l 
0) 
0) £ 
0) 
4J 
(0 
CO 
0) 
> 
rH 0 
to 
' W 
o 
rH 
0) 
Di 
(0 
O 
•H 
H 
-H 
(0 
1 
1 ro 
o z 1 
1 CM 
o 
z 
•0 
c 
•0 
1 
H 
1 
1 
M 
03 
1 ' 
iH 
u 
c 0 
• d 
• H 
o 
(0 
u 
• H 
£ 
0 
c 
• H 
c 
• H 
(0 4J 
0 
o 
— » iH 
• • 
rvj 
^ M 
• • i-H 
* (0 
c 0 
•rl 
+J 
n5 
u 10 
Cb 
0) 
(Q 
0) 
c 0 
•H 
•P 
(0 
U 
ta 
Qt 
0) 
(0 
> 
•H 
+J 
(0 
•P 
•rl 
rH 
rt 3 
Ui 
73 
•H 
O 
(0 
O 
•H 
C 
(0 
D^ 
0 
10 
0 
3 
cr 
< 
c 0 
B 
•rl 
c 
m 
(0 
0 
0 
u T ! 
> i 
EC 
o 
• H 
c (0 
c 0) 
0) 
•p 
c Q) 
> 0) 
w 
0) 
• 0 
•H 
X 
0 
»-* 
> 
CNJ 
• 0 
c 
<0 
c 
o 
•H 
•p 
o (1) 
+> Q) 
•d 
E (fl 
v^  01 
0 
M 
o 
•H 
s 
M 
0 
O 
s 
Q 
1 
0) 
c 
0 
.p 
0) 
o 
1 
0) 
E 
•H 
o 
rH 
(1) 
CT> 
(0 
o 
•H 
rH 
•H 
to 
^ 
1 CO 
O 
H 
^ 1 cs 
O 
z 
^ 1 
•^1 
PQ 
^ 1 
H 
• 0) 
c 
o 
•rl 
c (0 
M-l 
O 
c 
0 
•rl 
•P 
(0 
M 
m CU 
o (0 
1 
<u 
c 
o 
• p 
0) 
o 
(0 
-o 
• H 
u 
(0 
o 
•H 
o M-l 
dP 
rH 
• o 
x: 
+ j 
•H 
> 
- 0 
0) 
•p 
(0 
c 
^ 
1 n 
O 
> 
^ 1 ro 
O 
z 
^ 1 <^ 
o 
u (Q 
•0 
c 
m 
u 
• r l 
E 
0 
MH 
1 
o 
CO 
s D 
MH 
0 
(0 
0 
•rl 
+J 
3 
0 
(0 
(0 
3 
0 
0) 
3 
CP 
CO 
1 
o 
u 
u 
^ 1 
z 
u (0 
^ 1 •^ 
o 
c 
s 
•rl 
0 
m 
<0 
Q) 
c 
- H E 
1 
0) 
c 
o 
•p 
0) 
o (0 
H 
u 
•rH 
z 
^ 
^ o CO 
c N 
^ 
^ 
o CO 
s 
u 
1 
o 
0 
% 1 
• 
to 
0) 
3 
X 
•H 
E 
rH 
U 
cn 
tc 
z 
^ 
u 
M 
0 
CM 
rH 
u 0 
u 
% C N ^ I 
O crf<r 
S ^
 1 
cMr» 
O 1 
Pucn <£> 
% y ^ ^ 
1 Z 
O C M ' * U 
CM O ^ 
U 
U 
CM 0) 
O fa 
CO 
CM 
U 
0 
MH 
0) 
ID 
*i 
x: 
a (0 
0 
x: 04 
• 0 
• H 
o (0 
MH 
0 
(1) 
to 
D 
1 
1 
0) 
c 
o 
•H 
C 
(0 
(1) 
E 0 
(0 
c 
0 
• H 
10 
c 
•H 
E V4 
0) 
.p 
0) 
• 0 
• 0 
c (0 
c 0 
•rl 
+) 0 
0) 
*J 
0) 
• 0 
c 0 
(0 
c 
o 
•H 
c (0 
rH 
<0 
o 
•H 
cu 
>1 
+J 
MH 
0 
• (0 
E 
M 
CJi 
o 
+J 
R) 
E 0 
u 
s: 
o 
0 ^ 
CM 
(0 
c 0 
•H 
•p 
(0 
M 
m 
cu 0) 
to 
Q) 
> 
•rl 
•p 
(0 
4J 
•H 
H 
fl 
3 
o 
u 
+1 
•0 
(U 
rH 
rH 
•H 
4J 
(0 
•H 
Q 
(0 
c 
•rl 
E 
p 
rH 
(0 
rH 
0) 
13 
c (0 
CM 
l-i 
^ 
s. 
^ CM 
r-i 
u (0 
u 
MH 
0 
+> 
o 
<u MH 
MH 
0) 
0 
M 
o 
•H 
E 0) 
G 
a) H 
en m H 
•0 
o 
•H 
H 
•rl 
CO 
to 
c 0 
•H 
c 
<0 
0) 
E 0 
CO 
0 H 
rH (0 
3 -P 
H (0 
e 
MH 
0 
c 0 
•H 
•p 
(0 
V4 
•0 
a 0) 
to 
c 0 
n 
o 
u K 
(0 
z 
(U 
(0 
0 
rH 
3 
r-\ 
1-^ 
o 
+ 
(0 
c 
•H 
H > . !^ 
0) M 
o u 
•H (0 
12 
MH 
0 
c 0 
•H 
•p 
(0 
o 
•rl 
MH 
•H 
4J 
c 0) 
- 0 
•H 
» (0 
c 0 
•rl 
c 10 
(0 
o 
• H rH 
•rl 
to 
+ 
(0 c 
•H 
E 3 
H 
10 
•0 
c (0 
• 
M 
0) 
(0 
0) 
to 
H 
(0 
• H 
u 
•rl 
M-
•^  4^  
>• 
« 
c 
•r-
1 ( 
c 2 
M-
c 
1 
m 
0) 
i-i 
to 
+> 
c 
o 
u 
to 
0) 
o 
c 0) 
M 
(U 
M-l 
Q) 
Oi 
to 
4J 
c Si 
e a o 
u 
o i n 
CN 
O 
•H 
C 
«J 
Oi 
v^  
o 
c 
•H 
M-4 
0 
c 0 
•H 
4J 
ftJ 
M 
eO 
Q^  
0) 
CO 
rH 
m 
4J 
i 
»M 
0 
E 
u 0 
M-l 
Q> 
£ 
•p 
c 
•H 
to 
c 0 
•H 
c (0 
i o 
' S ^ 
0) 
c Its 
•C 
0) 
E 
H 
•H 
M 
> i 
O* 
•H 
+» 
c (0 
•H 
T3 
^ 
0 
to 
•P 
iH 
(t> 
to 
•0 
c 
n] 
to 
(U 
X 
(U 
rH 
a g 
0 
0 
10 
•rH 
X) 
(0 
Wl 
01 
c 
•H 
to 
3 
^ 
2 
D 
•0 
0) 
+> 
<tJ 
C 
0 
+> 0 
U 
Cu 
• 
0) 
3 
tr 
•H 
C 
£ 
u 
cr> 
c 
•H 
•0 
c 
<u 
o to 
ItJ 
M 
0 
to 
c 0 
•rt 
c 10 
«M 
0 
c 0 
•r4 
4J 
R) 
C 
•rH 
£ 
c 0 
+> 0 
o 
C7> 
c 
•rl 
to 
3 
> i 
U 
+» 0) 
g 
•H 
10 
H 
04 
> 1 
j a 
+ i 
c 0) 
+ i 
c 0 
u 
0 
+J 
c 3 
0 
i 
to 
3 
to 
VH 
0) 
> 
(0 
d) 
M 
10 
O 
c 0 
N 
• 
to 4J 
0 
rH 
Q4 
c 0 
•rl 
(0 
VH 
^ 
•H 
rH 
(0 
o 
c 0 
•H 
C 
(0 
63 
0 
to 
(0 
x: 04 
0) 
rH 
•H 
j a 
0 
a 
£ 
U 
0 
MH 
0 
M 
0 
r^ 
A 
U 
1 
c 0 
+) 0) 
o 
< 
—» 
rH 
• • 
CO 
^-
o 
to (0 
£. 
u* 
>1 
(0 
o 
•rl 
Id 
+) (A 
tn 
C 
o 
• H 
c 
o MH 
3 
rH 
-H 
tn 
^ 
1 CO 
O 
rH 
U 
^ 1 
M 
^ 1 
u pa 
^ 1 
rH 
U 
% 
1 rsi 
O 
2 csoi' 
^ 1 ^ 
O 
cu r j 
X 
» 1 - ^ 
o iH 
u 
o in 
^ 
z 
u tn 
^ 1 CO 
O 
Z 
64 
1.5.2. Heavy Metal Removal frcMn Industrial Wastes: 
hetal containing industrial effluents constitute a 
major source of metallic pollution of the hydrosphere. 
The tremendous increase in the use of heavy metals over 
the past few decades has inevitably resulted in an 
increased flux of metallic substances in aquatic 
environment. The metals are of special concern because 
they are non degradable and therefore persistent. 
The potential sources of copper in industrial 
waste streams include metal cleaning and plating baths, 
pulp, paper and paper board mills, wood pulp production, 
fertilizer industry, etc (251). Copper concentration in 
the plating bath depends upon the bath type and may range 
from 0.02-1,0% of the process bath concentration (252, 
253). Copper bearing mining wastes and acid mine drainage 
contribute significant quantities of dissolved copper to 
waste streams. Additional sources of copper bearing 
wastes include petroleum refining, Inorganic Chemical 
alkalies ana chlorine industry. 
The burning of coal is a source of substantial 
quantities of nickel in the environment and the coal ash 
has been shown to contain nickel from 3 ppm-10,000 ppm 
depending upon the origin of the coal. Crude oil may also 
contain nickel. Moreover industries like electroplating. 
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polishing, anodizine and paints are also the sources of 
nickel. 
Common source of cadmium are water and galvanised 
iron pipes- tanks, industrial wastes (electroplating), 
nickel plating, pesticides, photography wastes, inks and 
cadmium plated utensils. Cadmium finds its way to the 
water bodies also through waste waters from metal plating 
industries and industries of nickel cadmium batteries, 
phosphate fertilizers, mining, pigments, stabilizers and 
alloys (258). It is also found in Zinc and lead ores. 
Zinc ions gain access to the river water 
environment from mining operations, waste waters of 
electroplating, corrosion of galvanized piping and 
dezincification of brass, besides other industrial 
wastes. 
Lead in the environment exists mostly in inorganic 
form and is widely used for conducting water, electrical 
batteries {which alone account for about 40% of refined 
lead production), cable heating, sheating and radiation 
shields and manufacture of sulfuric acid by the lead 
chamber process which are significant means of dispersing 
lead in the environment. Limestone and Galana are the 
natural source of lead. Motor vehicle also discharge 
lead. 
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Waste water Treatment Methods: 
No single treatment technique has been found 
effective for the removal of all potentially toxic 
metals from natural water and waste water to the 
magnitude of acceptable degree. For the majority of 
wastes, the solution lies in treatment by physical, 
chemical and biological processess which will remove 
suspended colloidal and dissolved solids. Sedimentation, 
filtration and coagulation will remove upto 50% of the 
organic material. The treatment method employed for the 
removal of metals from waste discharge includes 
precipitation, ion exchange, solvent extraction, 
evaporation, reverse osmosis, electrodialysis and 
adsorption (by clays, activated carbon etc), ion exchange, 
reverse osmosis, electrodialysis, distillation and 
floatation process can remove cadmium from waste water. 
In the industrial effluents chromium can be removed by 
reduction and precipitation reactions or by ion exchange 
in which chromate salt can be recovered and the 
deionised water reused. Electrodialysis, ionexchange and 
reverse osmosis can be employed for the removal of lead. 
Catalytic air oxidation at an alkaline pH is usually the 
most economical for the treatment of Manganese. 
A brief outline of various treatment techniques is 
given below: 
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I. Physical Methods: 
The techniques employed for the removal of 
pollutants from water are sedimentation (255, 256), 
floatation (257,258), coagulaticxi, filtration (259) and 
membrane separation techniques. The removal of 
suspended particles like clays, sand particles etc., may 
be accomplished by sedimentation. Solids and biological 
floes present in the surface water are removed by 
filtration. The use of semipermeable membrane (260) is a 
recent addition to the technology of water purification, 
which includes reverse osmosis, ultrafiltration and 
electrodialysis. 
II. Biological Methods: 
These methods have been developed on the basis of 
the ability of various marine organism to accumulate 
trace elements (261) and various types of organic 
pollutants (262), The most ccxnmon biological methods are 
activated sludge process (263, 264), aerobic (265) and 
anaerobic (266) digestion, aerated lagoons process, 
oxidation ponds (267-268) etc. 
III. Chemical Methods: 
Depending upon the nature of water pollution from 
various sources, chemical methods like reduction (269), 
precipitation (270), coagulation (271-273), 
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ion-exchange (274-277) and adsorption (278-286), 
have been successfully used to improve the quality of 
water. The reduction and precipitation are generally 
used for the removal of toxic metallic species of waste 
waters. The coagulation process for the removal of 
toxicants consists of separation by aggregation of small 
particles into large ones, which can settle readily. 
Ion-exchange method is generally used to remove the ionic 
species from water and waste waters. The removal and 
recovery of radio active materials from the waste waters 
of nuclear reactors, hospitals and Laboratories are also 
possible by ion exchange method. These days the 
adsorption techniques for the removal of pollutants from 
water are becoming more popular and relatively less 
expensive. The use of activated carbon for the waste 
water treatment is well established as a practically 
reliable process especially for the treatment of organic 
contaminants due to their organophilic character (287). 
In addition to these methods, the removal of pollutants 
from water and waste water by electro-deposition, 
cementation,solvent extraction and freeze concentration 
processes are also employed. 
At this stage it is appropriate to present a 
detailed account of some of the chemical methods. 
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(A) Reduction: 
This technique involves the lowering of pH and to 
convert the hexavalent chromium to trivalent chromium 
with a chemical reducing agent such as metabisulfite or 
hydrosulfite or ferrous sulfate, sulfur dioxide and 
sodium bisulfite. The trivalent chromium is than removed 
by precipitation with lime (288, 289), 
Sulfur dioxide is the most popular reducing agent 
in treatment of chromium containing wastes, primarily 
because it is relatively cheaper (290). The sulfur 
dioxide chromate reduction process has also been used to 
treat wood preserving waste water (291). It has been 
found that for an influent concentration range of 
0.23-1.5 mg/1, the effluent hexavalent chromium averaged 
O.lmg/1. 
An unsual source of sulfur dioxide, washed out of the 
pov/er house stock gas was used as the chemical reducing 
agent for converting Cr(vi) to Cr(III). Sodium bisulfite 
is employed as a supplement (292) where additional 
reduction is needed. 
The two stage chromate reduction process has been 
utilized for chromium plating rinse water. The use of 
70 
sodium bisulfite followed by a hydrazine plus soda ash 
reduced the chromium concentration from 8-20.5 mg/1 to 
less than 0.1 mg/1 in the effluent (293). The use of 
metabisulfite as a reducing agent for treatment of 
chromate waste from a metal plating operation (294, 295) 
and sodium hydrosulfite (293) has also been reported. 
Several reports also describe the use of ferrous 
sulfate as a reducing agent for chromate containing 
wastes. Ferrous sulfate has been reported to have the 
advantage of effectiveness, independent of pH (296). 
However, Bennet (297) claims that ferrous sulfate 
reduction at pH 2-3 proceeds within 30 minutes to a 
residual hexavalent chromium level at 1.0 mg/1, but 
requires Ih between pH 4-10. In addition, the use of 
ferrous sulfate to treat chromate wastes containing 
cyanide results in the formation of very stable 
ferro-cyanide complexes which prevent subsequent 
effective cyanide treatment. 
(B) Precipitation: 
The standard treatment method for most of the 
heavy metals is precipitation as insoluble hydroxide at 
alkaline pH, or some times as sulfide. Generally, 
hydroxide precipitation is accomplished by lime 
addition to an acidic waste water. Lime is preferred to 
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the more expensive sodium or potassium hydroxide, as it 
costs significantly less. 
Maruyama et al.(298) studied the removal of copper 
from muncipal waste water enriched to 5.0 mg/1. Various 
combinations of lime and ferrous sulfate addition were 
examined for the treatment effectiveness. After chemical 
addition, flocculation and settling, the effluent was 
sand filtered and passed through activated carbon 
columns. Maximum copper removal occurred at pH 6.0 with 
the addition of ferrous sulfate only. Similar improved 
treatment has been reported for alum flocculation at pH 
6.8-7.0 and reflects the phenomenon of co-precipitation 
(280). 
Treatment of cupric waste water with hydrazine or 
some other reducing agent plus sodium hydroxide reduces 
copper to cuprous form and such a system may be operated 
at pH 7-8 (299, 300,301). 
Cupric oxide which forms the hydroxide (302), has 
minimal solubility between pH 9.0 and 10.3. A minimal 
solubility of 0.01 mg/1 has been reported in that pH 
range, from laboratory studies (303). This value 
corresponds closely to the theoritical minimum effluent 
level which could be achieved by precipitation. 
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Limited information is available on sulfide 
precipitation of copper (304,305). Copper was reduced 
from 20 mg/1 to below detectable limits by sulfide 
precipitation from a gold ore extraction waste water. 
TreatHEnt by co-precipitation with alum yeilded equivalent 
results (306). In field studies on an acid mine drainage 
waste, the waste was first lime neutralized and then in a 
second stage treated at pH 6.5 wit baruim sulfide for the 
removal of other heavy metals. Copper was reduced from 
initial levels of 50-115 mg/1 to below 0.5 mg/1 (307). 
As evidence for the beneficial treatment effect of 
co-precipitation with iron hydroxide is presented by 
Maruyama et al. (298). In pilot plant studies of metals in 
municipal waste-water by the addition of high quantity of 
lime (600 mg/1) at pH 11.5, a residual cadmium 
concentration of 0.014 mg/1 was reported. 
A very effective cadmium removal has been achieved 
in a pilot plant lime coagulation-settling process. The 
process achieved 94.5% cadmium removal from trace 
quantities present (308). 
In presence of ccmplexing agents (e.g. Cyanide), 
it is difficult to precipitate the cadmium ion (307). 
Therefore, effective precipitation of cadmium can only 
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occur after cyanide removal. Chalmers (309) reported 
treated effluent cadmium concentration of 0.7mg/l after 
cyanide-chromium treatment plus neutralization and sand 
filtration. 
The hydroxide precipitation with lime may be 
unsatisfactory for cadmium, due to its high pH required 
for effective treatment (251). The use of sulfide for 
cadmium precipitation appears feasible, although it has 
only limited application (305, 310). 
(c) Evaporative Recovery: 
The use of evaporative recovery has been practised 
for over 20 years (311). Recovery of copper is often 
more attractive than other metals such as zinc due to 
its higher cost (311). Domsey and steifel (312) reported 
that copper plating bath rinse water volume could be 
reduced from 4100-600 gal/day by rinsing modifications. 
Such modification is generally essential to the economic 
feasibility of evaporative recovery system since the 
major cost item is the steam (313). Culotta and Swanton 
(314) have compared capital input and operating costs 
for various evaporator systems. 
(D) Electrochemical Reduction: 
A recently developed process with significant 
potential application for both concentrated and dilute 
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copper waste water is "Cementation" (315, 316). The 
process involves percolating the copper waste water 
through a bed of scrap iron. By oxidation - reduction 
reaction, copper is cemented onto the iron, with 
sacrificial iron going into solution. 
E. ion Exchange: 
During treatment ion exchange involves the 
reversible exchange of ions between a solution and a 
solid phase that are in direct contact. Ion exchange is 
capable of achieving very high levels of copper removal, 
particularly from low concentration wastes. Copper 
removal by ion exchange from 1.02 mg/1 to less than 
0.03 mg/1 has been reported (317). 
Treatment of copper rinse solutions containing 
high ammonia concentrations has been reported by a 
selective ion exchange resin. Copper was reduced from 
45 mg/l to undetectable levels (318) by this process. 
Linsted et al, (308) observed 85.8% removal of 
Ag(I) and 99% of Cd (II) following the passage of a high 
quality waste water through a cation exchange bed. 
Copper, lead, mercury and nickel have also been 
successfully treated by cation exchange (319-322). 
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There are many ion exchange resins with high 
specificity for cadmium (323). However ion exchange 
method is unsuitable for the recovery of cadmium from 
mixed cadmium cyanide solution (32 4), 
Hexavalent chromate and dichromate have been 
successfully removed from chromium waste waters (32 5, 
32 6, 322). Chromic acid may be recovered through 
substitution by sodium by subsequent cation exchange. 
F. Miscellaneous Processes 
These include Reverse Osmosis, Electrodialysis, 
Freeze and Electrolytic Recovery of metals from 
different wastes. 
Successful pilot scale reverse osmosis treatment 
(99% rejection) has been reported for copper 
pyrophosfate and copper cyanide plating bath rinse 
waters. However available membranes are suitable only 
over a pH range of 3.5-12.0 (327). The removal of 
cadmium from cadmium plating rinse wastes has been 
reported to the extent of 78-99% (323). A high 
selectivity cellulose acetate membrane yielded 92.6% 
rejection at pH 2.6 and 98.6% rejection at pH 7.6 (328) 
for hexavalent chromium containing wastes. 
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Bovet (329) has claimed that electrodialysis is 
economically feasible for treatment of processed 
solutions and rinse waters from plating and metal 
finishing operations/ and for treatment of acid mine 
drainage. 
Freeze recovery has been reported effective as 
well as economically feasible followed by either reuse 
or precipitative treatment of the concentrated slurry 
(327). About 99.6% reduction of cadmium, to a final 
concentration of 0.4 mg/1 (330) has been achieved by 
this process. 
Direct electrolytic recovery of copper metal is 
possible from relatively concentrated waste solution. 
The electrolytic process generally requires a 
preconcentration step such as ion exchange or 
evaporation. Acid leach solution from copper ore is 
electrolysed directly in one application to recover 
copper (33 1). Recovery of copper from copper pickling 
baths presents no problem but brass pickle solution may 
cause problems from the sludge formation (332). 
A new process has been reported recently (333, 
33 4) for the electrolytic treatment of dilute copper 
cyanide solutions. The process consists of a fluidized 
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semiconducting carbon bed across which a potential is 
developed. It is claimed that 20 mg/1 cyanide is reduced 
to 0.5 mg/1 and 40 mg/1 Cu is reduced to below 1.0 mg/1 
(334). 
IV. Integrated Methods: 
In the recent years scientists have developed 
integrated methods (335,33b) for purification of water 
by ocmbining any two or all the three methods namely 
physical, chemical and biological. The integrated methods 
may be classified as bio-chemical, bio-physical and bio-
physico-chemical methods. 
Among the chemical methods described, the 
adsorption method is generally preferred for the 
treatment of polluted water due to its high efficiency, 
easy handling and cost effectiveness. Therefore in the 
present work, the adsorption method has been employed 
for the removal of certain heavy metals from water by 
using some cheap and unconventional adsorbents. 
P< 
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1.6 ADSORPTION: 
Accumulation or retention of atoms, molecules at 
the surface of interface between any two phases like 
gas-liquid, gas-solid, liquid-liquid or liquid-solid is 
known as adsorption. The substance being concentrated at 
the interface is termed as adsorbate and adsorbing phase 
is known as adsorbent. 
1.6.1 Types of Adsorption: 
The adsorption process depending upon the nature 
of forces operating between the adsorbate and adsorbent, 
may be classified as: 
I. Physical Adsorption: 
Such type of adsorption is due to the weak 
VanderWalls forces existing between adsorbent and 
adsorbate species. In such cases the adsorbed molecule 
is not bonded to a specific site at the surface but is, 
rather free to undergo translational movement within the 
interface. The heat of physical adsorption is about 5 K 
cal/mol and this process is favoured at low temp-
eratures. 
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II. Chemical Adsorption: 
In chemical adsorption, strong attractive forces 
are operative in the formation of new bonds between the 
adsorbate species and active centres of the adsorbent. A 
chemical reaction at a surface may either be exothermic 
or endothermic. The heat of adsorption lies in the order 
of 20-100 K cal/mol. 
III. Activated Adsorption: 
Jn this case, physical adsorption gradually 
changes into chemisorption with rise in temperature. The 
heat of activation (337, 33 8) for the activated 
adsorption is of the order of 5-20 K cal/mol. 
1.6.2 Factors Influencing Adsorption: 
The various parameters affecting the rate and 
extent of adsorption are: 
( i ) Nature of Adsorbent: 
The extent of adsorption is largely dependent on 
the physico-chemical properties of the adsorbent such as 
surface area, particle size (3 39), porosity, residual 
charges (340) on the surface of the adsorbent. The 
adsorption on metallic oxides depends on their residual 
valancles due to edges, corners and cracks present at 
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their surface. The pretreatment of the surface of 
adsorbent by heating, grinding and cleaning is also 
responsible for affecting the adsorption phenomena, 
(ii) Nature of Adsorbate: 
The adsorption at a solid-solution interface is 
greatly influenced by the physico-chemical 
characteristics of the adsorbate like weight, molecular 
size, electric charge, capacity for aggregation, the 
degree of dissociation, solubilization and ionization. 
(iii) Nature of Solvent: 
The polarity and dielectric constant of the 
solvent affect the adsorption process to a great extent. 
The effect of solvent on adsorption has been studied by 
Freundlich and Heller (34 ). They observed that the 
addition of non-aqueous solvent to aqueous solution 
increases the adsorption of Sr{ll) and other cations on 
different oxides. 
(iv) Concentration: 
The ionic concentration of an electrolytic 
solution has remarkable effect on the uptake of ion by 
the surface of adsorbents. It is often observed that 
adsorption at a particular temperature becomes 
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complicated due to the formation and overlapping of mono 
and multilayer adsorption as well as capillary 
condensation. Various types of adsorption isotherms have 
been reported. 
(v) Temperature: 
Temperature of a system significantly affects the 
rate and extent of adsorption. The rate of adsorption 
normally increases with decreasing temperature of the 
system. But in few cases, the rise in temperature of the 
system favours adsorption (342). The nature of adsorption and 
thermodynamic studies have been carried out by several 
investigators {343-345i). 
(vi) pH: 
The pH of adsorbent-adsorbate system is one of the 
most important factors which prominently affects the 
rate, extent and mechanism of adsorption (346, 347 ) . 
The adsorption of cations generally increases and that 
of anions decreases (348, 34y) with increasing pH of the 
solution. The variation in adsorption with pH of the 
solution has been explained on the basis of competitive 
adsorption of H /0H~ ions with the adsorbate species and 
also the aqua-complex formation and its subsequent acid 
base dissociation (350, 351). 
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(vii) Presence of Foreign Ions: 
It has been reported that the presence of foreign 
ions in the solution alters the extent as well as rate 
of adsorption due to the change in the chemical 
properties of adsorbent and these ions also act as a 
competitors of adsorbing species (35 2). 
(viii) Contact systems And Modes of Operation: 
Several investigators have employed various 
experimental techniques in order to provide an intimate 
contact between adsorbate and adsorbent for the 
effective removal of the pollutants from water and waste 
waters. The contacting system is of two types namely, 
continous flow system and Batch system. 
(a) Continous Flow system: 
In such types of operations the adsorbent is 
always in contact with fresh solution. The fresh 
adsorbent is added at the top of the column and the 
spent adsorbent is with drawn from the bottom. The water 
or waste water flows upward through the column 
containing adsorbent at a velocity sufficient to 
suspend the solid particles. 
(b) Batch System: 
In this type of operation fixed amount of 
adsorbent is shaken with a particular volume of natural 
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or artificial polluted water until the polluting species 
have decreased to the desired level. The quantity of 
adsorbent and time of contact are adjusted according to 
the needs. After a preselected interval of time the 
adsorbent is removed and either discarded or regenerated 
for reuse. 
The batch mode of operation has been selected for 
the present study due to its simplicity and easy 
handling. 
The adsorption stuaies are significant both 
theoritically and practically as they can be utilized in 
the detection, determination and treatment of inorganic 
and organic pollutants including pesticides. The use of 
adsorption processes for the removal of pollutants by the 
use of solid adsorbents has been considerably developed 
recently. It has been found to be very useful and 
successful in many fields such as purification 
processes, water treatment processes and analytical 
methods. The theory of adsorption from solution has not 
been well developed and is still in the developing 
stage. 
The application of adsorption technique has 
recieved considerable attention during the last decade. 
4 
Activated carbon has been used as an effective adsorbent 
for removing organic and inorganic contaminants from 
water, waste water and air samples (353, 354-365). it 
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has been very effectively and successfully used as an 
adsorbent for the removal of various pollutants viz. 
adsorption of hydrocarbons (366), alcohols (367), 
phenols (368), organic acids (369), vinyl chloride 
(37U), dyes (371), pesticides and pollutants (372, 37 3) 
and inorganics (37 4-38 5) from water and waste water. 
In brief activated carbon has been found to be an 
effective adsorbent for the removal of many organic as 
well as inorganic substances present in water. However 
its use poses an economic problem and limits large scale 
use for the abatement of heavy metal pollution in 
developing countries like India. 
Several other adsorbents have been proved quite 
useful due to their low cost and wide availability i.e. 
fly ash (33 5, 386^390), peat (391-396), fibrous 
keratinous material such as wool and hair (397-39 9) 
clays (40U-401), alumina bauxite (402), woolastonite 
(403-40 4) discarded automobile tyre (405), suspended 
particles of river water (40 6-40 8), sludge (409-415) 
agricultural wastes like natural compost, Irish peanut, 
peanut shell, walnut shells, bone and biomass such as 
Aspergilus terneus and Mucar remannianus (416), 
polymerized onion skin with formaldehyde (417 ) and EDTA-
modified cellulose materials (41B), natural materials 
such as hair and cattails (Typha Plant)(4l9), modified 
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barks (420-422), barks (423), barley straw (424), low 
rank coal (425), peat moss (426), fertilizer slury 
(42 7), waste tyre rubber (428) and tea leaves (429). 
The work carried out on the treatment of water and 
waste water of heavy metals in the recent past is 
summarized in Table 1.4 
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1.7 Aims and Objectives of the Present Work: 
The quality of water is of vital concern for 
mankind since it is directly linked with human welfare. 
Rapidly increasing Industralization "and various human 
activities are generati g more water pollution loads with 
highly toxic elements and as such posing serious health 
hazards to man and other aquatic life. The adverse effects 
of the toxic elements have been studied by various research 
workers (666-668J. 
Pollution control is the management of waste 
materials in order to minimize their adverse effects on 
people and the environment. The quality of human health and 
of the natural environment depends on adequate pollution 
control. Governments are now imposing stringent effluent-
discharge limits on industrial plants that discharge waste 
in water ways. Pollution treatment systems have been 
effective in reducing the massive quantities of water 
pollutants but the costs of pollution, control, resulting 
from capital, maintenance, and labor costs, as well as from 
the cost of additional residual disposals has generally 
gone up rapidly. Theoritically, the level of treatment 
should correspond to a point at which total costs of 
treatment are minimized. 
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Because of these econcxnic problems associated with 
the more advanced treatment system, cost effective and 
simple methods have been used to abate the pollution. The 
use of various adsorbents make it possible to work out 
sensitive and selective methods of separations as well as 
determination of a large number of heavy metals. 
The aim of the present study is to i) examine the 
sorption oehaviourof some heavy metal ions on mixed sorbent 
layer and ii) to remove some heavy metals from aqueous 
solution by adsorption technique. 
Sorption behaviour of some heavy metal ions has 
been studied on thin layers of plain and blended silica 
gel, alumina and cellulose. An attempt has been made for 
the development and optimization of analytical methods for 
the separation and determination of heavy metals. The 
extreme simplicity and very modest cost of thin layer 
chromatographic method makes it an attractive technique for 
routine analysis. 
The following investigations were carried out: 
(i) Chromatography of cations and anions on mixed 
sorbent layers developed with aqueous methanol 
containing tributyl phosphate and formic acid. 
(iij Blended inorganic ion exchangers in thin layer 
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chromatography of inorganic ions with tributyl 
phosphate-formic acid as eluent. 
In waste water treatment, the process of 
adsorption has an edge over other methods due to its clean 
sludge free operation. Removal of heavy metals using 
various adsorbents have been reported (669-672). In quest 
of an inexpensive methodology for the removal of toxic 
metals, the possible utility of the sorbent i.e. Mangifera 
Indica seed and seed shell has been explored. 
The following studies have been carried out: 
(i; Adsorption of copperdl) from water on the seed 
and seed shell of Mangifera Indica (Mango). 
(ii) Adsorption behaviour of cadmium, zinc, nickel and 
lead from aqueous solution by Mangifera Indica 
seed shell. 
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CHAPTER- II 
CHAPTER - II 
CHROMATOGRAPHY OF SOME CATIONS AND ANIONS ON MIXED LAYERS IN 
TRIBUTYL PHOSPHATE - FORMIC ACID SYSTEM 
2.1 Introduction 
Thin layer chromatography (TLC) is an inexpensive 
separation technique for resolving and identifying a wide 
variety of muIticomponent samples. Four main approaches can 
be filtered out from the literature reports on the use of 
sorbent phases in normal TLC of metal ions. 
(i) the use of pure hydrous solids (1-5) with aqueous, 
nonaqueous organic, and mixed organic solvent 
system. 
(ii) use of hydrous solids impregnated with organic 
substances. 
(iii) some synthetic inorganic ion exchange materials 
(6-7) and cellulose derivatives (8-10) have proved to 
be promising separation media for metal ions. 
(iv) some interesting separations on mixed adsorbents 
containing a mixture of two conventional adsorbents 
with or without a binder or inorganic salts have 
been realized (11-15). 
Silica gel impregnated with inorganic materials has 
been used for some analytically important separations 
(16-20). More recently sorbent layers made of a mixture of 
silica gel and inorganio ion exchanger gel (21) have also 
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been reported as a class of sorbent phases for inorganic 
TLC. The present study deals with the use of mixed sorbent 
layers made of binary mixtures of alumina/ silica gel or 
cellulose in the analysis of inorganic ions (cations and 
anions; with organic solvent system containing Tributyl 
phosphate ^TBP) and formic acid CFA). TBP has aroved to be an 
useful stationary phase for TLC of several metal ions 
(22-25) whereas FA offers numerous possibilities for the 
separation of metal ions because of its unusual properties 
(26-27). 
2.2 Experimental 
2.2.1 Apparatus 
A TLC apparatus (Toshniwal/ India) was used for the 
2 
preparation of sorbent layers, glass plates (20 x 3 cm ) and 
glass jars (24 x 6 cm) were used for the development of 
chromatoplates. 
2.2.2 Reagents 
Silica gel G and formic acid were obtained from BDH 
(Glaxo, India) and E. Merck (India)/ respectively. 
Tri-n-butylphosphate (TBP), methanol. Aluminium oxide G 
(CDH, India), Microcrystalline cellulose and all other 
reagents were of analytical reagent grade. 
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2.2.3 Test Solutions 
For Cations: Aqueous solutions (0.1 M) were prepared from 
the nitrates of aluminium, thorium, thallous lead, bismuth, 
silver and uranium. Sulphates of copper, zinc, vanadium and 
chlorides of nickel, cobalt, cadmium, iron and mercury were 
used. Aqueous solution of molybdate and tungstate of sodium 
were used. Moreover, a small amount of corresponding acids 
were added to prevent the hydrolysis. 
For Anions: The test solutions (1%) were either sodium or 
potassium salts of nitrate, nitrite, vandate, molybdate, 
chloride, bromide, iodide, tungstate, ferricyanide, 
chromate, dichromate, permanganate, iodate, periodate and 
bromate except SCN" (ammonium thiocyanate) and Mo^O^" 
' 24 
(Ammonium Hepta molybdate). Double distilled water having 
specific conductivity K = 1.5 x 10" /ohm/cm at 25°C was used 
for the solutions. 
2.2.4 Detection 
The following reagents were used for cations and 
anions. 
For Cations: Ni "•• and Co^ "*" were detected with 1% alcoholic 
dimethyl gloxime solution. Zn^ "^ , Cd^ "^ / Pb^ "*"/ Hg"^ , Bi and 
Tl"*" were detected with 0.1% dithizone solution in CCl^. Al"^ "^  
was detected with 1% aqueous solution of aluminon containing 
ammonium acetate in adequate quantity. Th was detected 
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with 1% aqueous solution of thoron of stannous chloride in 
2M hydrochloric acid (HCl). Potassium ferrocyanide was used 
for the detection of Cu^ "*", UO^ "*", Vo^ "^ , Fe^ "*" and Fe •••. 
For Anions: 1~, Br", Crol" and Cr20^" were detected with a 
saturated solution of silver nitrate in Methanol. NO" UOZ, 
WO?"/ lO", lOT, BrO", MnO" were detected with 0.2 - 0.5% 4 3 4 3 4 
diphenylamine in 4M sulfuric acid (H2SO4). 10% ferric 
chloride in 2M HCl was used for the detection of SCN" and 
Fe(CN)^". 0.2-0.5% alcoholic pyrogallol solution was used 
6 
for the detection of MoO^" and Mo^024« 
2.2.5 Solvent System 
IM aqueous FA and 1% TBP in methanol in the ratio of 
8:2 was used. 
2.2.6 Sorbent System 
The following sorbent systems were used. 
Plain silica gel is.G.) 
Plain aluminium oxide 
Plain cellulose 
Mixture of S.G. and Aluminium oxide (1:1/ 1:9, 9:1) 
Mixture of S.G. and Cellulose (1:1, 1:9, 9:1) 
Mixture of Aluminium Oxide and Cellulose (1:1, 1:9, 9:1) 
2.2.7 Prepaucatlon of Sorbent Plates 
The plain sorbent i.e. silica gel, alximinium oxide 
and cellulose were prepared by mixing it with deionised 
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waterin the ratio of 1:3 with constant shaking for five 
minutes. The resulted slurry was inunediately coated on to 
2 
clean glass plates (20 x 3 cm ) by means of a Toshniwal 
(IndiaJ coating apparatus to give 0.25 mm layers. The plates 
were airdried at a room temperature (SO^C) and activated by 
keeping in an electrically controlled oven at lOO^C for one 
hour. After activation these plates were cooled and kept in 
an enclosed chamber until used. 
For the preparation of mixed sorbent layers, a 
mixture of silica gel and aluminium oxide, silica gel and 
cellulose or Aluminium oxide and cellulose in 1:1, 1:9 and 
9:1 ratio was slurried with deionised water and the plates 
were prepared as described above. No additional binder was 
used. 
2.2.8 Procedure 
Solutions of cation or anion (5 yilj were spotted on 
the plates with the help of micropipette. The plates were 
developed with IM aqueous FA-1% TBP in methanol, b+2, in 
24 X 6 cm glass jars. The height of the solvent ascent was 
fixed at 10 cm in all cases. After development the plates 
were air dried and the cation spots were detected using 
appropriate spraying reagents. 
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For studying the effect of different anions on the Rf 
of cations and vice versa, synthetic mixtures containing a 
cation and an anion solutions in the ratio of 1:1, 1:2 or 2:1 
were prepared. 10 pi of synthetic mixture solution was 
spotted on the chroroatoplates. The plate was developed and 
the Rf values for cations and anions were determined. 
To study the effect of pH of sample solution on the 
separation of Mo^ "*", from VO^ "*", Th^ "*" and W^"*", 1% sample 
solutions were prepared at different pH values using dilute 
solutions of KOH or H2SO. to adjust the pH values to the 
desired level. 
To study the loading effect on the R^ values, 0.01 ml 
of various standard solution of the anion concerned were 
spotted on the chroma top la tes with the help of micropipette. 
The plates were developed and the Rp values were calculated. 
In order to achieve the separation of loj and lo]^  
from milligram quantities of NO2, Br0 3 and SCN", and vice 
versa, stock solutions of sodium nitrite (40%), potassium 
bromate (5«), ammonium thiocyanate (20%), potassium iodate 
(1%) and potassium periodate (1%) were prepared in deionised 
water. Synthetic mixtures containing various known amounts of 
test solution were loaded on chromatoplates with the help of 
micropipette. The plates were then developed in TBP - FA (2: 
8)/ dried, and the spots were visualized using proper 
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detection reagent. The R^ ^ and R^ values (Ry values of leading 
and trailing edges of the spots) were determined. 
2.3 Results and Discussion 
The results of this study have been summarised in 
figures 2.1-2.4 and Tables 2.1-2.3. Fig. 2.1 records the 
chromatographic behaviour of metal ions on silica gel, 
alumina and cellulose. All the metal ions were clearly 
detected/ but strongly adsorbed on alximina layers. Most of 
the metal ions moved with the solvent on silica gel or 
cellulose layers. MO^ "*", Bi^ "*", Th*"*" and Pb^ "*" showed 
considerable tailing due to hydrolysis and/or adsorption 
phenomena. In fact none of the adsorbents was found 
satisfactory for the separation of metal ions with TBP-FA 
(2:8) system. In order to utilise these materials for certain 
desired separations of metal ions, a few combinations 
consisting of mixture of any two of alumina, silica gel and 
cellulose in 1:1, 1:9 or 9:1 ratio were tested using TBP-FA 
v2:8) as mobile phase. Any proportional change in the 
concentration of either components of mobile phase failed to 
provide any improvement in the results. However the 
development time increased with the increase in TBP 
concentration. 
In order to utilize silica, alumina or cellulose to 
achieve the desired separations of the metal ions, any two of 
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alumina/ silica gel and cellulose were ccmbined in the ratios 
1:1, 1:9, or 9:1 and tested using the TBP-FA mobile phase. 
The results illustrated in figures 2.2-2.4 clearly indicate 
that the mixed sorbent layers are capable in inducing the 
differential migration of several metal ions. The fairly high 
positive and negative values for A R^ (RJ.., on plain adsorbent 
layer minus R„ on mixed adsorbent layer) are indicative of 
several possibilities of selective separations of metal ions 
on the mixed flat bed. The negative A Rf values show that 
the layers prepared from mixed sorbent are more selective for 
metal ions than the plain sorbent, whereas the positive 
values of <A R are indicative of higher selectivity of plain 
sorbent layers. 
The interaction forces between particles approaching 
each other during the process of mixing of two different 
sorbents may be the vander Waals force of attraction and the 
coulombic force (repulsive or attractive) associated with the 
charged particles. The strong interaction between the acidic 
(negative) silica surface sites and the basic (positive) 
alumina surface sites in mixed bed results in two-particle 
system with modified surface sorption capacity. Cellulose 
being a mild organic sorbent phase also modifies the sorption 
properties of both alumina and silica gel. The long chains of 
glucose units in cellulose lie side by side in linear bundles 
held together by hydrogen bonds between the numerous 
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neighbouring hydroxyl groups. The high intermolecular forces 
and the regular structure of cellulose results in a high 
degree of crystallinity. 
On mixing/ surface active centres of alumina 
(hydroxyl groups and oxide ions) and silica (Silanol 
groups, Si-OH) come in contact and interact with cellulose 
surface with three hydroxyl groups, cellulose always has the 
opportunity of forming many hydrogen bonds. 
All these surface modifications/alterations provide 
the possibilities of some important separations. Several 
workers have also used binary sorbent layers to increase the 
resolution of certain samples compared to that obtained on 
the separated phases (28). 
The possible and experimentally achieved separations 
on mixed bed are given in Tables 1.1 and 1.2. 
In addition to metal ions, common anions were also 
chromatographed on mixed bed with the aim of (i) to explore 
the analytical potentialities of mixed bed in the separation 
of anions and (ii) to study the effect of anions on the 
separation of cations and vice versa. 
Table 2.3 summarizes a few separation of the anion 
experimentally achieved. The effect of anions (NO2/ Br03, 
SCN", NO 3, IO3 or IO4) on the mobility of certain cations 
(Th , Mo , Pb #Ag"*",zri^"*"diKi<« ) and vice versa was studied 
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by performing separations in triplicate on mixed beds 
prepared from 1:1 mixtures of silica gel plus alumina or 
cellulose, or alumina plus cellulose. The maximum deviation 
from the original Rj. values of all the cations for triplicate 
observations was always below +0.1 except for Bi and Fe 
for these two cations the deviation goes upto ^0.2 in few 
cases. Similarly, the maximum average deviations in the 
original R.. values for most of the anions was always below 
+0.2. However a diffused spot was observed for SCN , a 
2+ 
complexing anion, in the presence of Pb 
The separation of Mo^ "*" from Vo^ "*", Th*"*" and W^"*" was 
examined at different pH values of sait^ le solution on silica 
gel - cellulose binary layers. A good separation of Mo 
(pH 1.0) was always realized. Moreover, 1 mg of Mo ^ was 
successfully separated from 10 ug of Vo , Th and W . 
However, higher loading of Mo (> 5 mgj in the separating 
mixture hampers the separation. 
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Table 2.3A: quantitative separation of lOj from Nd^» ^^J '^^ ^ 
SCN~ as their salts on alumina-cellulose (1:1} 
Anion Amount of (RL-RIJ) values Amount of IR^'^^ values 
anion salt of anion IO3 salt of 10^ 
NO J 
Bro" 
SCN" 
0 .40 
4 .00 
0 .10 
0 .04 
0 .05 
0 .50 
0 .05 
0 .04 
0 .20 
2 .00 
0 .10 
( 1 . 0 0 - 0 . 5 3 ) 
( 1 . 0 0 - 0 . 4 6 ) 
( 0 . 8 8 - 0 . 7 2 ) 
( 0 . 8 0 - 0 . 6 5 ) 
( 0 . 7 5 - 0 . 5 9 ) 
( 0 . 7 6 - 0 . 5 4 ) 
( 0 . 8 0 - 0 . 6 0 ) 
( 0 . 8 5 - 0 . 6 5 ) 
( 0 . 8 8 - 0 . 6 5 ) 
( 0 . 8 7 - 0 . 6 4 ) 
( 0 . 9 2 - 0 . 7 0 ) 
0 . 0 1 
0 .02 
0 .10 
0 .05 
0 . 0 1 
0 .02 
0 .05 
0 .10 
0 . 0 1 
0 .02 
0 .10 
( 0 . 3 6 - 0 . 1 2 ) 
( 0 . 3 0 - 0 . 1 0 ) 
( 0 . 3 4 - 0 . 0 0 ) 
(0.25-O.UO) 
( 0 . 3 2 - 0 . 1 4 ) 
( 0 . 3 0 - 0 . 1 5 ) 
( 0 . 3 7 - 0 . 1 8 ) 
( 0 . 4 2 - 0 . 1 7 ) 
( 0 . 2 4 - 0 . 1 1 ) 
( 0 . 2 6 - 0 . 1 0 ) 
( 0 . 3 5 - 0 . 1 0 ) 
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Table 2.3B: quantitative separation of 10' froa MOl# ^'^3' ^ ^^ 
SCM~ as their salts on aluaina cellulose (1:1 
Anion 
NO" 
Br03 
SCN~ 
Amount of 
anion salt 
loaded 
(mg) 
0.4U 
0.80 
4,00 
0.10 
0.04 
0.05 
0.50 
0.05 
0.04 
0.20 
2.00 
0.02 
0.10 
(RL-R,J,) values 
of anion 
(1.00-0.63; 
(1.00-0.55) 
(0.90-0.56) 
(0.93-0.17) 
(0.85-0.74) 
(0.89-0.67) 
(0.88-0.65) 
(0.90-0.72) 
(0.80-0.68) 
(0.94-0.74) 
(1.00-0.80) 
(1.00-0.87) 
(0.98-0.78) 
Amount Of 
IO4 salt 
separated 
(mg) 
0.01 
0.01 
0.02 
0.10 
0.05 
0.01 
0.02 
0.05 
0.10 
0.01 
0.02 
0.05 
0.10 
(Rj^ -R^ ) values 
of IO4 
(0.12-0.00) 
(0.11-0.00) 
(0.10-0.00) 
(0.19-0.00) 
(0.23-0.00) 
(0.15-0.00) 
^0.09-U.OO) 
(0.15-0.00) 
(0.17-0.00) 
(0.25-0.10) 
(0.37-0.00) 
(0.33-0.12) 
(0.26-0.09) 
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CHAPTER - III ' 
CHAPTER - III 
BLENDED INORGANIC ION-EXCHANGERS IN THIN LAYER 
CHR0MAT0GR7a>HY OF INORGANIC IONS WITH TRIBUTYL 
PHOSPHATE-FORMIC ACID AS ELUENT 
3.1 Introduction 
Extensive studies on the sorption and ion exchange 
properties of synthetic inorganic ion exchangers have been 
carried out from the point of view of analytical separations 
(1-7;. Continuing efforts are being made to use synthetic 
inorganic ion exchangers as layer material for 
chromatography in investigations of inorganic ions (8-11). 
However, their use as layer material suffers from two major 
drawbacks : (i) synthesis of ion exchange material and its 
coating on glass plates without binder is difficult and the 
process requires several hours; and (ii) the resulting 
product is highly expensive because of its low yield. On the 
other hand, the use of inorganic ion exchanger in 
combination with silica is cost-effective euid provides rapid 
separations of inorganic cations (12). Our ongoing studies 
reveal that inorganic ion exchanger as such cannot be used 
as layer material on glass or plastic plates. Therefore the 
layer prepared from mixtures of ion exchanger and 
conventional sorbent material is more amenable way to 
utilize the ion exchange properties of inorganic ion 
exchanger. 
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The competitive interactions eunong the stationary 
phase, mobile phase and the solute decide the fate of a 
particular separation. The selection of a proper mobile 
phase along with a suitable stationary phase permits sharper 
separation. Because of the several favourable properties of 
formic acid (FA), it has been a preferred aqueous acidic 
eluent in TLC of inorganic ions (13-15). Being sufficiently 
acidic it prevents the hydrolysis of metal ions and also 
prevents the oxidation of cations. It does T»ot dissolve ioa 
exchange materials and results in well formed compact spots 
on TLC plates. 
Tri-n-butyl phosphate (TBP) is one of the most 
frequently used extractants enployed in separation methods. 
It extracts most of the elements under suitable 
experimental conditions (16-18) . It has found some 
interesting applications in reversed phase TLC of inorganic 
ions (19-20).. In spite of the extensive use of TBP in 
analytical - scale separations of uranium and actinides, 
lanthanides and platinum group metals, its analytical 
potential in the separation of other elements (Co, Ni, Al, 
Cr, Ti etc. ) has not been fully explored. For this reason 
the use of TBP as eluent in TLC of common inorganic ions 
seems a worth while attempt. 
The present work reports the sorption behaviour of 
inorganic ions (cations and anions) on thin layer of blended 
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inorganic ion exchangers with FA-TBP as eluent. 
3.2 Experimental 
3.2.1 Reagents 
Silica gel (BDH, India); aluminium oxide (CDH, 
India); cellulose microcrystalline, sodium molybdate (E. 
Merck, India); stannic chloride, sodium silicate (Loba, 
Chemie); sodium arsenate GR, (Romali, India); formic acid 
(FA = 85% E. Merck, India); and TBP and methanol (Qualigens, 
India) were used. All other reagents were of analytical 
reagent grade. 
3.2.2 Test Solutions and Detectors 
Aqueous solutions (O.IM) of nitrates, chlorides or 
sulfates of most of the cations were prepared in O.IM 
solutions of the corresponding acids. The test solutions (1%) 
of some of anions were either of sodium or potassium salts. 
The metal ions were detected by using conventional spot 
test reagents as described earlier in chapter 2, section 
2.2.4. 
3.2.3 Solvent System 
IM aqueous FA and 1% TBP in methanol was used as 
mobile phase. 
3.2.4 Sorbent System 
The following mixed sorbent systems were used. 
S, : Stannic arsenate - Silica gel (1:9) 
S2 : Stautinic arsenate - Alumina (1:9) 
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S_ : Stannic arsenate - Cellulose (1:9) 
S. : Tin (rv) molybdosilicate - Silica gel (1:9) 
S- : Tin (IV) molybdosilicate - Alumina (1:9) 
Sg : Tin (IV) molybdosilicate - Cellulose (1:9) 
3.2.5 Synthesis of ion-exchangers 
Synthesis of tin (IV) iBolybdosilicate: An amount of O.lM 
stannic chloride (2 Vol.) was added to a clear solution 
containing O.lM sodium molybdate (1 Vol.) and O.lM sodium 
silicate (1 Vol.). The pH of the mixture was kept around 1. 
A yellow gelatinous precipitate of tin (IV) molybdosilicate 
appeared. After ageing for 3 h, this precipitate was 
refluxed in a mother liquor for 6 h at 75°C. After 
refluxing, the light yellow precipitate was allowed to 
settle for 2 4 hours, filtered, washed with demineralized 
water until the pH of the washing was 6 and dried at 40°C in 
an electric oven. The light yellow dried product was 
immersed in a demineralized water after having cracked into 
small granules. It was then sieved to 100-200 mesh and used 
for TLC. 
Synthesis of stannic arsenate: 0.05M of stannic chloride 
(3 Vol.) was added to 0.05M sodium arsenate (2 Vol.). A 
white gelatinous precipitate was formed after ageing for 3 
hours. The white precipitate was then filtered, washed with 
demineralized water and dried at 40°C in an electric oven. 
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After complete dryness, the product was inunersed in a 
demineralized water after having cracked into small 
granules. It was then sieved to 100-200 mesh and used for 
TLC purpose. 
3.2.6 Preparation of Chromatoplates 
lOg mixture of stannic arsenate (SnAsO^) or tin (IV) 
molybdosilicate exchanger with sxlica gel, aluminium oxide, 
or cellulose in 1:9 ratio was slurried with 20ml of 
deionized water. The resultant slurry was coated on clean 
glass plates with the help of an applicator to give a layer 
of 0.25mm thickness. The plates were air dried at room 
temperature (30°C) and activated in an electrically 
controlled oven at 100+5°C for one h. After activation, the 
plates were cooled to the room temperature, and kept in an 
enclosed chamber until used. 
For the quantitative determination of 10^, stock 
solutions of 1% KI, O.OIN Na2S202 and IM HCl were prepared 
in double distilled water. 
3.2.7 Procedure 
(a) Qualitative separation: Seunple solution (5 ul) of 
cation or anion was spotted at 3 cm up from the lower edge 
of the TLC with the help of a micropipette. After air-drying 
of spots, the plates were developed in glass jars with 
TBP-FA (2:8) by the ascending method. The ascent in each 
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case was kept upto 10 cm. After development the plates were 
again air dried and the ions were detected using appropriate 
spraying reagents. The Rj.« values were calculated from the 
values of R^ (R^ , ^f i^^^i^g f^o„t) and RT ^^\ °^ trailing 
front) . The reported R^. values represented the averages of 
at least three determinations. 
To study the effect of pH on the separation of 10-
from BrOC and Nor in presence of scxne cations, the pH of 
the standard solution of the concerned ion was brought to 
the required pH value by addition of few drops of dilute 
sodium hydroxide or dilute hydrochloric acid. 
(b) Quantitative determination of Kidl: The plates were 
loaded with 0.01, 0.02, 0.04, 0.06, 0.08 and 0.01 ml of 
KIO^ with the help of micropipette and developed in the said 
solvent. A pilot plate was run simultaneously to locate the 
position of 10^ by detecting it with 0.2-0.5% diphenylamine 
in 2M HjSO.. The area corresponding to I0"1 was scratched 
out from the working plate. The scratched material was then 
eluted with IM hydrochloric acid. After elution, two 
milliliters of potassium iodide (1%) was added followed by 
two milliliters of concentrated hydrochloric acid. The 
mixture was finally titrated with Na^SjO^. 
The calibration graph for the quantitative 
determination of lO^, obtained under optimum experimental 
conditions, obeyed Beer's law. 
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3.3 Results and Discussion 
The results of this study are summarized in figs. 
3.1-3.2 and tables 3.1-3.4. As can be seen from fi9. 3.1/ 
badly tailed spots were produced for almost all metal ions 
3+ 2+ 
except Al and VO on tin molybdosilicate-silica gel mixed 
layers. Slightly tailed spots were also noticed on the 
layers of tin (IV) molybdosilicate mixed with cellulose. The 
tailing is considerably reduced if cellulose or silica gel 
is substituted by alumina in the mixed layers (fig.3.1) and 
all the cations show little mobility on tin molybdosilicate 
-alumina mixed layers. In fact none of the mixed sorbents 
containing tin molybdosilicate was found suitable for 
separation of metal ions. As evident from fig. 3.2, mixed 
layer containing stannic arsenate and silica gel alumina or 
cellulose are useful for selective separation of cations. 
The layers prepared from the mixture of stannic arsenate and 
alxunina were the best providing highly ccxapact and well 
formed spots of cations. This can be used for the selective 
2+ 
separation of Hg from multicomponent mixtures of cations. 
Similarly, stannic arsenate-cellulose layers can be used for 
selective separation of Ag . These observations are in 
consonance of earlier findings reported from our 
laboratories (21-22) that stannic arsenate is one of the 
best synthetic inorganic ion-exchange materials with 
tremendous analytical potential i^ ty. It has been used as 
layer material for TLC of cations / but its use as layex 
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1.0 p 
0.8 f 
0.6 
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0.2 
0.0 
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Fig. 3.1 Plot of nK*)ility of metal ions cxi mixed adsorbaits in TBP-EA (2:8); 
(a) tin (Iv) molybdosilicate - S.G. (1:9); (b) tin (Iv) molybdosili-
cate-alunina (1:9); (c) tin (Iv) molybdosilicate- cellulose (l:9)i; 
Tailed spots; Slightly tailed spots; contact spots. 
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Fig. 3.2 Plot of mobility of cations on mixed adsorbents in 
TBP-FA/ (2:8); (a) stannic arsenate - SG (1:9); (b) 
Stannic arsenate-alumina(1:9)j (c) Stannic arsenate-
Cellulose (1:9); Tailed spots; compact spots. 
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material in pure form is limited by two basic factors (i) a 
lengthy and tedious synthesis process and (ii) high cost of 
the product. Since the exchanger cannot be used as such for 
preparing layers on glass plates> its blending with 
conventional sorbent materials is an attractive alternative. 
The mixed layer combining the favourable features of 
individual sorbents may provide the altered selectivity for 
inorganic ions and as a consequence better separation 
possibilities. 
Tables 3.1 and 3.2 summarize some of the separations 
of cations (table 3.1) and anions (table 3.2) achieved 
experimentally. It is evident from both the tables that 
strongly adsorbed inorganic species (Ag / Cu / Fe / MnO ., 
- 2- 2- 3-
IO3 t CrO. / ^^2^1 ^^^ Fe(CN)g can be easily separated 
from a nvimber of cationic and anionic species having weaker 
sorption tendency. The results of separation of I0_ from N0~ 
and BrO-~ in presence of various cations at different pU 
values of sample solution have been summarized in .table 3.3. 
It is clear from the data given in table 3.3 that lOr ^ 
well separated within a reasonable pU range of sample 
solution in the presence of common cations. Thus IO3 / BrO^ 
and NO^' can be easily identified on blended exchanger 
layers/ if present in a natural or synthetic sample 
containing common cationic species in the pH range of 2-3. 
However, in the case of do and W / a higher pU value 
(i.e. 5 and 4-8 respectively) of sample solution is 
required. 
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In addition to the qualitative analysis/ 
quanti tat ive analysis of species i s always required. Bearing 
th is in mind we have developed a t i t r imetr ic method for 
quanti tat ive determination of lOJ . i t i s evident from the 
data shown in table 3.4 that the proposed method is quite 
accurate for the recovery and quantification of I0~ . 
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Table 3.1 : Bineiry separations of various metal ions possible 
on different mixed sorbent phases with TBP-FA (2:8) 
as eluent. 
Stationary Separation Cations from which separation 
phase of cation is possible 
S, Cu^ '^ (0.30) Ni^ "^  (0.88); Zv?^, Al^ "^  or Cd^ "^  
'1 
(1.0); Uol"^  (0.91); VO^ "^  (0.7); 
Fe^ "^  (0.22) Al^ "^  (0.81) 
S^ Ag"^  (0.09) UO^ "^  (0.77); VO^ "^  (1.0); Fe^ "^  
(0.84); W^ "^  (0.78) 
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Table 3.2 ; Separation of anions achieved experimentally on 
different sorbent phases using TBP-FA (2:8) as 
mobile phase. 
Stationary Separation Anions from which separateda 
phase of anion 
S^ MnO"^  Cro'l" (0.55), Cr207" (0.80) 10^ 
(0.65), lo"^  (0.60), BrO"3 (0.95); 
SCN" (0.92) Fe (CN)^" (0.91). 
b 
52 CrO^" (0.09) I~ (0.59), Noj (0.56), Br03 (0.48) 
SCN~ (0.62). 
Cr2O^"(0.08) l' (0.59), NOj (.62), Br03 (0.47), 
SC N " (0.7). 
IO3 (0.07) 10^(0.78), N O " (0.69), BrOj (0.53), 
S C N " (0.80). 
Mn04 (0.00) SCN" (0.97) 
Fe (CN)^" SCN" (0.95) 
53 Mn04 (0.00) Br03, S C N " or Fe (CN)^" (0.95). 
54 Mn04 (0.09) Cr04" (0.76), Cr207" (0.98), NO2 
(0.95), Br03 (0.92), SCN" (0.97). 
55 Cro|' (0.10) NO2 (0.70), BroJ (0.67), S C N " 
(0.74). 
Cr20f" (0.11) NO2 (0.66), BrO^ (0.62), S C N ' 
(0.89). 
lOj (0.10) NO2 (0.85), Br03 (0.65), S C N " 
(0.71) 
Mn04 (0.00) NOJ (0.69), BrO"^ (0.65), S C N " 
(0.70) 
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Table 3.3 : Separation of 10^ from NO2 and BrOo achieved 
experimentally in the presence of cations in the 
ratio (1:1:2) on alumina and Sn AsO< (9:1) using 
TBP-FA (2:8) as eluent. 
Cation 
Ni2+ 
Co2+ 
Cu2-^ 
U02+ 
V02+ 
Fe^ -^  
Th^ -^  
MO^^ 
W^^ 
Pb2+ 
Hg^ 
Bi3+ 
Ag+ 
T1+ 
Hg 
Separation of anions 
(RL- K L ) Values 
103(0.10-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
101(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
10"^  (0.10-0.00) 
10^(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
io:;(o.oo-o.oo) 
•J 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
10:5(0.00-0.00) 
10-3(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
IO:;(0.1U-0 00) 
0 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.00-0.00) 
103(0.Ub-O.OU) 
-
_ 
^ 
^ 
-
-
^ 
^ 
•7 
-
-
-
-
-
-
— 
-
N O " (0.80-0.50) 
NO2 (0.80-0.70) 
BrO3(0.70-0.56) 
NOl (0.90-0.80) 
BroJ(0.64-0.54) 
NOr (0.80-0.60) 
Br03(0.74-0.52) 
NO2 (0.80-0.70) 
BrO3(0.66-0.58) 
NOl (0.96-0.78) 
BrO3(0.70-0.54) 
NO2 (0.80-0.70) 
NO2 (0.74-0.70) 
NO" (0.80-0.70) 
BrOj(0.70-0.66) 
NO2 (0.84-0.76) 
Br03(0.68-0.64) 
BrOj(0.80-0.70) 
BrOj( 0.70-0.50) 
NO2 (0.70-0.54) 
BrO3(0.70-0.52) 
NO2 (1.00-0.84) 
BrO3(0.6ti-0. 56) 
BrO3(0.66-0.58) 
NO2(0.74-0.60) 
NO2 (0.70-0.56) 
NO2Vl.0U-0.b4) 
brOo(0.6b-U.60) 
pH of 
sample 
1.5 
3.9 
2.5 
2.2 
2.01 
3.5 
2.5 
2.6 
2.1 
1.8 
2.2 
2.15 
4.5 
2.2 
2.3 
5.2 
5.35 
6.5 
8.2 
3.7 
2.75 
1.9 
2.2b 
2.2 
2.05 
2.0 
1.9 
2.b 
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Table 3 . 4 : (^uemtitative determination of KIOZ on stannic 
axsentate-alumina ( 1 : 9 ) . 
Amount 
loaded 
3.2 
b.u 
6.8 
7.6% 
of 
(mg 
KIO3 
.) 
Amount of KIO3 
found (mg)' 
3.3 
4.9 
6.5 
7.2 
% Error 
+ 3.03* 
- 2.0% 
- 4.4% 
- 5.2% 
Average value of t r ip l i ca te r e su l t s . 
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CHAPTER - IV 
CHAPTER-IV 
ADSORPTION OF COPPER (II) FROM MATER ON THE SEED AND SEED 
SHELL OF MANGIFERAINDICAlMANGO) 
4.1 Introduction 
Copper has been mined and used by men for many 
centuries. In human and other organism, copper is not 
particularly toxic. Copper content should be less than 
l.Omg/1 as suggested by Mc Kee and Wolf(l). Concentration of 
this magnitude are not present in natural waters/ but may be 
due to corrosion of copper or brass piping. The major 
industries discharging copper in their effluents are 
electroplating, paper, pulp, petroleiam, refining and wool 
preserving. The chronic copper poisoning is related to 
hemochromatosis and produces gastrointestinal catarrh when 
present in large cuaountsl2). It is also toxic to fish life 
when present in natural waters even in low concentrationsC2). 
The methods for copperCIX) removal from waste water include 
coagulation, lime softening, precipitation, ion-exchange, 
adsorption, floatation and reverse osmosis(3). 
The adsorption processes for the removal of different 
pollutants have still been found to be economically 
appealing using suitable adsorbents and working out optimum 
conditions. Different adsorbents have been used in the past 
for the treatment of copper(Ii) rich effluent at the solid 
solution interface(4-10). jhe use of activated carbon for 
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the removal of copper(11) has been examined by several 
workers (11,12). But its use is not suitable for developing 
countries due to its high cost. Beside this,Moss was used as 
an efficient sorbent for copperCiiJ removal(13). Fly ash an 
industrial solid waste of thermal power plants has also been 
used in water pollution control(14-19). 
It has been reported that some aquatic plantst20-26), 
agricultural byproducts like rice husk ash/ bagasse/ paddy 
husk/ paddy straw/ onion skin and garlic skin(27-28), waste 
tea leaves(29)/ saw dust(30) and modified tree barks (31-39) 
have the capacity to adsorb and accumulate heavy metals. 
A survey of the present literature has shown that the 
Mangifera Indica seed and seed shell which is a suitable, 
promising/ cheaper and easily available adsorbent has not 
yet been used by the workers in this field. 
The aim of the present work was to carry out a 
comparative study of the behaviour of chemically treated and 
untreated Mangifera Indica seed and seed shell for the 
uptake of copper(II; ion from aqueous solution. 
The effect of pretreatment/ time/ pH/ temperature/ 
dose/ particle size/ light metal ionS/ and salinity on the 
removal efficiency of copper(II; have been studied. The 
adsorption isotherms and probable mechanism for treated and 
untreated Mangifera Indica seed and seed shell have also 
been described. The appropriate thermodynamic parameters 
Viz: Ink, AG/AS and AH have also been discussed. 
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4 . 2 . Experimental 
4.2.1 Adsorbate 
A stock solution of CopperUl) (O.OlM) was prepared by 
dissolving CUCI2. 2H20(BDH/ Anal R) in doubly distilled 
water and standardised comp lexeme trically with EDTA 
(disodi\ain salt) using PAN indicator (40). 
4.2.2 Adsorbent used 
Mangifera Indica seed and seed shell was used as an 
adsorbent for the removal of Copper(II) from aqueous 
solution. The sample was procurred locally, washed in order 
to clean the adhering dirt, rinsed thoroughly with double 
distilled water and finally dried in an air oven at lOCC. 
After drying the adsorbents were seiveddOO |i). The sample 
was then stored in poly^hylene bags. Moreover, some of this 
powdered sample was treated with disodium hydrogen 
phosphate. 
4.2.3 Reagents 
EDTA from E. Merck, llndia), acetic acid from BDH, PAN 
indicator from E. Merck AC Darmstadt, were used. All other 
reagents were of analytical grade. 
4.2.4 Apparatus 
A digiteLL pH meter (CP 901 model, India) was used for 
pH measurement and a temperature controlled shaker was 
used. 
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4.2.5 Procedure 
Batch Studies 
Batch sorption studies were carried out at different 
temperatures with a 50 ml of Cudl) solution and 0.5g of 
sorbent. The equilibrating mixtures were placed in stoppered 
glass bottles and agitated in a temperature controlled 
shaker for about 90 mins at a present temperature. The 
contents were filtered through Whatman no. 1 filter paper 
and than analysed for CullI) by titrimetric method using 
EDTA solution as titrant. The pH values of the samples 
solution were recorded initially and at the end of the 
experiment. Blank solutions were similarly treated (without 
adsorbent) and the recorded concentration by the end of each 
operation was taken as the initial one. 
A l.ON NaOH or UCl solution was used for varying the 
pH of copper (XIJ solution in order to study the effect of pH 
on the removal of copper. 
4.2.6 Treatment Studies? 
In order to study the effect of chemical treatment of 
the sorbent on removal efficiency of copper(II) from aqueous 
solution, different treatment reagents i.e. NaCl, Na2HP0^/ 
Na2MoO., Na^S and K.Fe(CN)^" were tried. For this purpose 
6 
about 10.0 gm of the dried powder (seed or seed shell) was 
treated with 100 ml of 1.0 N solution of the reagent in a 
polyethylene beeUcer. After a given soaking time (90 mins.) 
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the solution was filtered and the Mango powder (seed or seed 
shell) was washed several times with distilled water. The 
adsorbent was then finally dried at 100«»C and kept in 
polyethylene bottles. The chemically treated adsorbent was 
used for checking its sorption efficiency towards Cu(II) 
under identical conditions as described above for untreated 
adsorbent. 
4.2.7 Adsorption Model 
To quantify the adsorption capacity of the adsorbent 
(Mangifera Indica Seed and Seed Shell) for the removal of 
copperCii) from water, the Langmuir and Freundlicfa . equations 
were applied. 
4.2.7.1 Langmuir Model 
According to this model langmuir proposed 
Ce/Am = 1/k. 1/b + (1/b). Ce 
Where, Ce is the equilibrium concentration (mol/1) and Am is 
the amount adsorbed per specified amount of adsorbent 
Cmg/g), K is the equilibrium constant and b is the amount of 
adsorbate required to form a monolayer. Hence a plot of 
Ce/Am versus Ce should give a straight line with a slope 1/b 
and intercept as 1/k.b. 
4.2.7.2 Freundlich Model 
According to this model 
Am = K. Ce. 1/n 
or Ln Am= InK + 1/n. In Ce. 
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Where all the terms have the usual significance and 'n' is 
an empirical constant. Thus a plot of In Am Vs In Ce should 
give a straight line with a slope 1/n and intercept InK. 
This model deals with the multilayer adsorption of the 
substance on the adsorbent. 
The plots of Ce/Am Vs Ce and Ln Am Vs In Ce are shown 
in Figures 4.6-4.7. The points indicate the observed data 
and the lines corresponds to the fitted data. 
Out of the different model available in the 
literature, a ccxnputer simulation technique have been 
applied to fit the Freundlich and Langmuir equation for the 
adsorption data. The coefficients of least square fitting to 
a straight line (R) were computed for these two models. 
The thermodynamic parameters InK, AG, A S , and A H 
were computed from the equations given below. In K was 
calculated from the intercept (1/Kb) of the Langmuir 
isotherm. 
The free energy change (AG) was calculated from the 
relation, A G = -RT In K 
Similarly, the enthalpy change A H between 30" to SO^C 
was computed from the following equation. 
Ln K = (-AH/RT) + C 
and the entropy was calculated from the equations^ 
A G = A H - T AS 
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To study the effect of salinity on the removal of 
copper(Il), the varying amounts of solid sodium chloride 
(0.25-12.0 g/50ml) was added and dissolved completely in 
copper(II) solution and kept for 90 min in a temperature 
controlled shaker maintained at 25«'C. BlanK solutions were 
similarly kept (without NaCl). 
4.3 Results and Discussion 
4.3.1 Effect of Pre-treatment 
The percent removal of Cu(II) achieved by the 
chemically treated powder is given in the table 4.1. The 
chemical treatment has been found quite useful as the 
removal efficiency of adsorbent (Mangifera Indica seed shell 
or seed) is significantly enhanced. Amongst the various 
pretreatment reagents used/ the treatment with disodium 
hydrogen phosphate was most effective and for adsorption of 
Cu(II) from aqueous solution. The Cu(II) removal efficiency 
of treated adsorbents was in the following order. 
Na^HPO. > NaCl > Na-MoO. > Na^S > K.fe(CN)*'" 2 4 2 4 2 4 6 
Therefore, Mangifera Indica seed and seed shell 
treated with disodium hydrogen phosphate was chosen to study 
its adsorption behaviour towards copper(11) containing 
solution as it was found to be the most efficient. 
4.3.2 Time of Equilibrium 
The effect of contact time on adsorption of copper(II) 
is presented in fig. 4.1. The adsorption increases with 
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Table 4.1: Removal Efficiency of Chemically Treated Adsorbent. 
% Adsorption 
92.98 
95.59 
96.99 
91.48 
89.38 
87.78 
Conditions: Initial Concentration of Cu(ll) = 19.97 mg/1. 
Temp. = 25''C, Contact time = 90 mins. 
Particle size = 100 ]x. 
Treatment 
Reagent 
(1.0 N) 
Untreated 
NaCl 
Na^ HPO-2 4 
Na2MoO^ 
Na2S 
K^FeCCNig" 
Total adsorption 
of Cu(II) (mg/l) 
18.57 
19.09 
19.37 
18.27 
17.85 
17.53 
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Fig. 4.1 Effect of time on the removal of Cu(II) by Mangifera 
Indica (a)eeed and (b) seed shell. 
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increasing contact time and the equilibrium was attained 
after shaking for 90 mins. Therefore, in each experiment/ 
the shaking time was set for . 90 mins. 
4.3.3 Effect of pH 
The effect of pH on the adsorption of copper(II) is 
represented in Figures 4.2-4.4. The pH of the aqueous 
solution is an important controlling parameter in the 
adsorption process(8) and thus the role of hydrogen ion 
concentration was exeunined from solutions at different pH 
covering a range of 1.0-6.0. With the increase in pH of the 
solution the extent of removal was found to range from 
80-91%/ but after pH 6/ the adsorption slightly decreased. 
ThuS/ a weak maxima, is obtained around pU 6. At lower pU 
value/ the H ions ccxapete with metal cation for the 
exchange sites in the system, thereby partially releasing 
the latter. The heavy metal cations are completely released 
under circumstances of extreme acidic conditions (41). The 
reason of the maximum adsorption at pH 6 are as follows. At 
pH 6 there are three species present in the solution as 
suggested by Elliot and Huang( 8). 
2+ i) Cu (in very small quantity) 
ii) CuOH = Cu (OH)^ (in large quantity) 
2+ 
Cu is adsorbed at the surface of adsorbent through surface 
complex formation between free metal ions and deprotonated 
surface functional groups (42) as 
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Fig. 4.3 Effect of pH on the removal of Cu{II) by 
Mangifera Indica Seed. 
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- ROH + Cu^ "^ --^  (-R0) Cu"*" + H"*" ...(i) 
2(-R0H) + Cu^^-e(-R0)2 Cu + 2H'*" ...(ii) 
The hydrolysed species of copper(II) are adsorbed as such on 
the surface of the adsorbent. According to the following 
scheme. 
CulOH)2 + 2(-Ro) — e l-RO)2 CutOHi^ "*" 
The other reaction taking place prior to pH max. may 
be written as: 
Cu(OH) + 2(-R0;-=^ (-RQ)2 CuOH ...(iii) 
(pH range 3-5.8 ) 
Cu^ "^  + 2(R0) -r^ ^"^^^2 ^^ ...(iv) 
(pH range 2-3) 
Hence/ pH exerts a significant effect in the 
adsorption of metal ions by the adsorbent. 
4.3.4 Effect of temperature 
The adsorption of copper(II) on both the adsorbents 
from 25-60°C is shown in fig. 4.5. The maximum removal is 
from 30''C-50°C in case of Mangifera Indica seed shell powder 
The enhanced adsorption might be due to desorption of 
adsorbing species/ change in the size of pores and enhanced 
rate intra particular diffusion of adsorbate(43). But after 
50''C/ the desorption of the adsorbate increases leading to a 
net decrease in adsorption from 50°-60''C. This may be due to 
lOOr 
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Fig. 4.4 Effect of pH on the removal of Cu(II) by 
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weakening of adsorptive forces between active sites of the 
adsorbents and the adsorbate species and also between the 
adjacent molecules of adsorbed phase (44). 
In case of Mangifera Indica Seed, the adsorption 
capacity was found to be lower than Mangifera Indica seed 
shell, which may be due to the oily nature of the seeds. Oil 
itself might get adsorbed with the surface sites of the 
adsorbent. 
4^3.5 Behaviour of Mangifera Indica Seed and Seed Shell 
Adsorption Isotherm 
The values of Am, Ce, Ce/Am are shown in Tables 
4.2-4.9 and the related parameters for the fitting of 
Freundlich and Langmuir equations at different temperatures 
are summarized in Tables 4.10-4.13. The isotherm plots are 
shown in Figures 4.6-4.7. The adsorption of copper(II) on 
the adsorbents at pU 6 follows the Freundlich type 
adsorption isotherm. However the Freundlich equation is 
better obeyed by the system than the Langmuir one as is 
evident from the values of regression coefficients shown in 
Tables 4.10-4.13. 
The Freundlich type adsorption isotherm is indication 
of surface heterogenity of the adsorbent while Langumuir type 
isotherm hints towards surface homogenity of the adsorbent, 
i.e. the adsorption sites are of equivalent nature. 
The total adsorption on each adsorbent (Mangifera 
Indica seed and seed shell) increases with the increase in 
temperature and also with the rise in equilibrium 
concentration. with the increase in temperature, the 
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Table 4.2: Fitting of Freundlich equation. Adsorption of 
Cu(II) on untreated Mangifera Indica Seed. 
An 
Studies at 
2.599E-04 
4.891E-04 
7.067E-04 
9.413E-04 
1.192E-03 
Studies at 
2.619E-04 
4.696E-04 
7.176E-04 
9.536E-04 
1.207E-03 
Studies at 
2.639E-04 
4.986E-04 
7.230E-04 
9.625E-04 
1.217E-03 
I 
30°C 
40°C 
SO^C 
Ce 
3.479E-05 
6.753E-05 
1.023E-04 
1.357E-04 
1.698E-04 
3.274E-05 
6.033E-05 
9.140E-05 
1.234E-04 
1.548E-04 
3.069E-05 
5.798E-05 
8.595E-05 
1.146E-04 
1.446E-04 
In Am 
-8.255 
-7.622 
-7.254 
-6.968 
-6.731 
-8.247 
-7.607 
-7.239 
-6.955 
-6.719 
-8.239 
-7.603 
-7.231 
-6.945 
-6.710 
In Ce 
-10.266 
-9.602 
-9.187 
-8.904 
-8.680 
-10.326 
-9.720 
-9.300 
-8.999 
-8.773 
-10.391 
-9.755 
-9.361 
-9.074 
-8.841 
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4 . 3 : F i t t ing of Langmuir equation. Adsorption of Cu(II) on 
untreated Mangifera Indica Seed 
Am Ce Ce/Ara 
Studies at 30°C 
2.599E-04 
4.891E-04 
7.067E-04 
9.413E-04 
1.192E-03 
3.479E-05 
6.753E-05 
1.023E-04 
1.357E-04 
1.698E-04 
1.338E-01 
1.380E-01 
1.447E-01 
1.441E-01 
1.424E-01 
Studies at 40''C 
2.619E-04 
4.696E-04 
7.176E-04 
9.536E-04 
1.207E-03 
3.274E-05 
6.033E-05 
9.140E-05 
1.234E-04 
1.548E-04 
1.250E-01 
1.208E-01 
1.273E-01 
1.294E-01 
1.282E-01 
Studies at 50"C 
2.639E-04 
4.986E-04 
7.230E-04 
9.625E-04 
1.217E-03 
3.069E-05 
5.798E-05 
8.595E-05 
1.146E-04 
1.446E-04 
1.162E-01 
1.162E-01 
1.188E-01 
1.190E-01 
1.188E-01 
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Table 4.4: fitting of Freundlich equatioi>> 
Adsorption of Cu(II) on treated Mangifera Indica 
Seed. 
Am 
Studies at 
2.619E-04 
4.959E-04 
7.176E-04 
9.536E-04 
1.206E-03 
Studies at 
2.646E-04 
4.993E-04 
7.217E-04 
9.624E-04 
1.219E-03 
Studies at 
2.660E-04 
5.013E-04 
7.251E-04 
9.638E-04 
1.221E-03 
30°C 
40°C 
50°C 
Ce 
3.274E-05 
6.071E-05 
9.140E-05 
1.234E-04 
1.562E-04 
3.001E-05 
5.730E-05 
8.731E-05 
1.146E-u<» 
1.439E-04 
2.865E-05 
5.525E-05 
8.390E-05 
1.132E-04 
1.405E-04 
in Am 
-8.247 
-7.6090 
-7.239 
-6.955 
-6.720 
-8.236 
-7.602 
-7.233 
-6.945 
-6.708 
-8.231 
-7.598 
-7.229 
-6.944 
-6.707 
In Ce 
-10.326 
-9.709 
-9.300 
-8.999 
-8.764 
-10.413 
-9.767 
-9.345 
-9.074 
-8.846 
-10.460 
-9.803 
-9.385 
-9.086 
-8.870 
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Table 4.5: Fitting of Langmiiir equation. 
Adsorption of Cu(II} on treated Mangifera Indica 
Seed. 
Am Ce Ce/Am 
Studies at 30'C 
2.619E-04 
4.959E-04 
7.176E-04 
9.536E-04 
1.206E-03 
3.274E-05 
6.071E-05 
9.140E-05 
1.234E-04 
1.562E-04 
1.249-01 
1.224-01 
1.273-01 
1.294-01 
1.295-01 
Studies at 40*0 
2.646E-04 
4.993E-04 
7.217E-04 
9.624E-04 
1.219E-03 
3.001E-05 
5.730E-05 
8.731E-05 
1.146E-04 
1.439E-04 
1.133-01 
1.147-01 
1.209-01 
1.190-01 
1.180-01 
Studies at 50"C 
2.660E-04 
5.013E-04 
7.251E-04 
9.638E-04 
1.221E-04 
2.865E-05 
5.525E-05 
8.390E-05 
1.132E-04 
1.405E-04 
1.077-01 
1.102-01 
1.157-01 
1.174-01 
1.150-01 
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-10.00 -9.00 -8.00 
InCc 
-10.00 -SOO -800 
InCc 
Fig. 4.6 Freundlich plots for the adsorption of 
Cu(II) by Mangifera Indica Seed ^a) 
Untreated (b) treated. 
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Table 4.6: Fitting of Freundlich equation. 
Ad£forption of Cu(II) on untreated 
Indica Seed Shell. 
Hangifera 
Am 
Studies at 
2.7 01E-04 
5.034E-04 
7.333E-04 
9.734E-04 
1.229E-03 
Studies at 
2.728E-04 
5.123E-04 
7.415E-04 
9.843E-04 
1.244E-03 
Studies at 
3.309E-04 
5.198E-04 
7.531E-04 
9.952E-04 
1.255E-03 
30°C 
40"'C 
50°C 
Ce 
2.455E-05 
5.320E-05 
7.571E-05 
1.036E-04 
1.323E-04 
2.182E-05 
4.434E-05 
6.753E-05 
9.277E-05 
1.173E-04 
1.7 73E-05 
3.685E-05 
5.593E-05 
8.185E-05 
1.064E-04 
In Am 
-8.216 
-7.594 
-7.217 
-6.934 
-6.700 
-8.206 
-7.576 
-7.206 
-6.923 
-6.68b 
-8.013 
-7.562 
-7.191 
-6-912 
-6.679 
In Ce 
-10.614 
-9.841 
-9.488 
-9.174 
-8.930 
-10.732 
-10.023 
-9.602 
-9.285 
-9.050 
-10.939 
-10.209 
-9.791 
-9.410 
-9.148 
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Table 4.7: Fitting of Langmuir equation. 
Adsorption of Cu(II) on Untreated Mangifera Indica 
Seed Shell. 
Am Ce Ce/Am 
Studies at 30'C 
2.701E-04 
5.034E-04 
7.333E-04 
9.734E-04 
1.229E-03 
2.455E-05 
5.320E-05 
7.57l£;-0b 
1.036E-04 
1.323E-04 
9.089E-02 
1.056E-01 
1.032E-01 
1.064E-01 
1.076E-01 
Studies at 40°C 
2.728E-04 
5.123E-04 
7.415E-04 
9.843E-04 
1.244E-03 
2.182E-05 
4.434E-05 
6.753E-05 
9.277E-05 
1.173E-04 
8.013E-02 
8.655E-02 
9.107E-02 
9.424E-02 
9.429E-02 
Studies at 50"C 
3.309E-04 
5.198E-04 
7.531E-0 4 
9.952E-04 
1.255E-03 
1.7 73E-05 
3.685E-05 
5.593E-05 
8.185E-05 
1.064E-04 
5.358E-02 
7.085E-02 
7.426E-02 
8.224E-02 
8.478E-02 
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Table 4.8: Fitting of Freundlich equation. 
Adsorption of Cu(II) on treated Hangifera Indica 
Seed Shell. 
Am 
Studies at 
2.742E-04 
5.184E-04 
7.490E-04 
9.952E-04 
1.259E-03 
Studies at 
2.851E-04 
5.375E-04 
7.783E-04 
1.032E-03 
1.299E-03 
Studies at 
2.865E-04 
5.402E-04 
7.831E-04 
1.040E-03 
1.315E-03 
30*'C 
40''C 
50°C 
Ce 
2.046E-05 
3.820E-05 
6.003E-05 
8.185E-05 
1.023E-04 
9.550E-06 
1.910 E-05 
3.069E-05 
4.502E-05 
6.275E-05 
8.184E-06 
1.637E-05 
2.592E-05 
3.615E-05 
4.638E-05 
In Am 
-8.2015 
-7.5646 
-7.1967 
-6.9124 
-6.6766 
-8.1625 
-7.5285 
-7.1583 
-6.8761 
-6.6457 
-8.1577 
-7.5234 
-7.1522 
-6.8675 
-6.6332 
In Ce 
-10.7968 
-10.1726 
-9.7206 
-9.4105 
-9.1873 
-11.5584 
-10.8657 
-10.3913 
-10.0083 
-9.6762 
-11.7133 
-11.0199 
-10.5604 
-10.227 
-9.9784 
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Table 4.9: Fitting o£ Langmuir equation. 
Adsorption of Cu(II} on treated Mangifera Indica 
Seed Shell. 
Am Ce Ce/Am 
Studies at 30«*c 
2.742E-04 
5.184E-04 
7.490E-04 
9.952E-04 
1.259E-03 
2.046E-05 
3.820E-05 
6.003E-05 
8.185E-05 
1.023E-04 
7.461E-02 
7.368E-02 
8.014E-02 
8.224E-02 
8.125E-02 
Studies at 40" 
2.851E-04 
5.375E-04 
7.783E-04 
1.032E-03 
1.299E-03 
9.550E-06 
1.910E-05 
3.069E-05 
4.502E-05 
6.275E-05 
3.349E-02 
3.553E-02 
3.943E-02 
4.361E-02 
4.828E-02 
Studies at 50*C 
2.865E-04 
5.402E-04 
7.831E-04 
1.040E-03 
1.315E-03 
8.184E-06 
1.637E-05 
2.592E-05 
3.615E-05 
4.638E-05 
2.856E-02 
3.030E-02 
3.309E-02 
3.472E-02 
3.526E-02 
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E 
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InCc 
Fig. 4.7 Freundlich plots for the adsorption of 
Cu(II) by Mangifera Indica Seed Sheel 
(a) Untreated(b)treated. 
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activation of adsorption sites takes place leading to 
increased adsorption probably through surface exchange 
reaction. Actually/ at higher temperature, the aggregation 
of Cu(II) ions at the surface of the adsorbent increases 
which results to an exchange reaction with the already 
adsorbed species alongwith the normal physi-sorption. 
This leads to the overall linear variation of the K 
values with the temperature (Fig. 4.8-4.9). The vont-Hoff 
equation is applied for the calcualtion of the system. 
further the free energy of the process at all 
temperatures is negative and smaller which indicates that 
the process is spontaneous in nature with almost similar 
values of A G. The entropy ^S at all the temperature is 
almost constant as shown in Tables4.14.-4.17. 
Enthalpy Change in Nemgifera Indica Seed 
(a) Untreated: In this case the overall system is 
endothermic ( ^ H = 3.3212 K cal/K/mol) and significant 
energy is consumed due to the dehydration of ions and the 
adsorbed ionic species or oxygenated complexes on the 
surface of the adsorbent/ changing the size of the pores 
and enhancing the rate of intra - particle diffusion of 
adsorbate(43). 
(b) Treated: In this case the overall system is exothermic 
( A H = -0.9958 k cal/k/mol.). This difference may be due to 
the formation of the different type of hydrated species of 
the metal ions. 
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Pig. 4.8 Plot of Freundlich Constant (In k) Vs 
temperature (1/T) Manglfera Indica 
Seed (a) Untreated (b) treated. 
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3.00 3.10 3.20 3.30 
1/T 
2.5r 
^ 20 
^ 1.5 
10 
± 
(b) 
X J. J 
3.00 3.10 3.20 3.30 
l/T 
Fig. 4.9 Plot of Freundlich Constant (In K) Vs 
temperature (1/T). Mangifera Indica Seed Shell 
(a) Untreated and (b) treated. 
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2+ 
using 50 ml of Cu solution (100 mg Cu/1) adding different 
concentration (40-20 mg/50 ml) of Ca^ "*", Mg^ "*", Na"*" and K"*". 
2+ The results show that the % removal of Cu decreases with 
the increase in the concentration of light metal ions. This 
2+ interference of light metal ions in the removal of Cu was 
2+ 2+ 
maximum in case of Ca ions (Cu removal 78% in case of 
Mangifera Indica seeds) and in case of seed shell the 
2+ 2+ 
maximum interference was due to Na ions (Cu removal 8b%), 
2+ This reduction in Cu adsorption may be due to a 
2+ 
ccxapetitive ion effect between Cu and light metal ions for 
the sorption sites on the adsorbent surface. 
4.3.7 Effect of Salinity 
The effect of salinity of the adsorption of copper(II) 
was tested by the addition of sodium chloride to copper 
solution. The concentration of added NaCl varied from 0.25 
to 12 g/50 ml. The results of the removal of copper(H) with 
treated and untreated adsorbents in presence of sodium 
chloride is given in tables 4.18-4.19. It can be seen that 
intially/ the presence of sodium chloride in the range of 
0.25-3.0g/50 ml/ reduces the adsorption of copper(II) from 
88.83 to 86.88% with Mangifera Indica seed and 92 to 88% 
with Mangifera Indica seed shell. This may be due to the 
relative competition between sodium ions and copper species 
on the active centres of the adsorbent. In this range the 
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Enthalpy change in Mangifera Indica Seed Shell 
(a) Untreated: Here the overall system is exothermic 
(AH = -11.8784 k cal/k/mol.)/ the probable mechanism may be 
as follows. 
The adsorption sites of the untreated Wangitera indica seed 
shell are either protonated or occupied by some common 
cations. 
(b) Treated: In this, the overall system is endothermic 
(AH = 1.5445 k cal/k/mol.). Had the physi-sorption been the 
only adsorption process/ the enthalpy of the system should 
have been exothermic. Actually sufficient energy is 
consumed; 
i) in the dehydration of copper (I I) and the adsorbed 
ionic species and/or oxygenated complexes on the 
surface of the adsorbent. 
ii) in desorption of adsorbed species. 
iii) in changing the size of the pores. 
iv) in enhancing the rate of intra particle diffusion of 
adsorbate(43). 
4.3.6 Effect of Light Metal Ions 
The effect of Ca / Mg , Na"*" and K"*" on the uptake of 
2+ Cu by Mangifera Indica seed and seed shell was 
investigated. For this purpose batch process was conducted 
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Taible 4.18: Effect of Salinity on Adsorption 
Amount of 
NaCl added 
(g/50ml) 
0.25 
1.0 
3.0 
5.0 
7.0 
8.5 
10.0 
12.0 
Untreated 
Total 
adsorption 
of CuUoigA ) 
17.74 
17.55 
17.42 
18.79 
18.85 
19.03 
19.07 
19.15 
Mane 
% 
|0 Seeds 
Removal 
88.83 
87.88 
87.23 
94.09 
94.39 
95.29 
95.49 
95.89 
Treated Hango 
Total 
adsorption 
of CuCwg/l) 
17.78 
17.62 
17.35 
18.85 
18.88 
19.05 
19.09 
19.21 
Seeds 
% Removal 
89.03 
88.23 
86.88 
94.43 
94.54 
95.39 
95.59 
96.19 
Conditions: Initial Concentration of CulII) = iy.97 mg/1 
pH = 6 / Temp. = 25°C/ Contact time = 90 min. 
particle size = 100 p. 
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Table 4.19: Effect of Salinity on Adsorption 
Amount 
NaCl ad 
(g/5Uir 
0.25 
1.0 
3.0 
5.0 
7.0 
8.5 
10.00 
12.00 
of 
Ided 
il) 
Untreated 
Total 
Mango Seed 
Shells 
adsorption 
of Cu(mg/1) 
17.93 
17.55 
17.75 
18.29 
18.58 
18.77 
19.05 
19.21 
% Removal 
89.78 
87.88 
88.88 
91.58 
92.88 
93.99 
95.39 
96.19 
Treated Mango 
Shells 
Seed 
Total % Removal 
adsorption 
of Cu (mg/1) 
18.42 
17.77 
17.75 
17.97 
18.43 
18.51 
18.35 
18.51 
92.22 
88.98 
88.88 
89.98 
92.28 
92.68 
91.88 
92.73 
Conditions: Initial Concentration of Cu(II} = 19.97 mg/1 
pH = 6, Temperature = 25^C, contact time =90 min 
particle size = 100 u 
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increase in sodium chloride concentration increases the 
chances of its adsorption compared to that of the copper 
species. 
But after the critical concentration (above 3.0g 
NaCl/50 ml)/ the percent adsorption sharply increased. The 
sodium chloride acts as an in situ regenerating agent for 
the adsorbent via removal of oxygenated complexes as 
sellable chloro-coraplexes, increasing thereby the number of 
adsorption sites and hence the adsorption of copper(II) 
species. 
The probable mechanism may be represented as follows: 
...(i) 
...(ii) 
Cu 2+ 
- RO ^^^^ ROCu^^ ... (iii) 
Therefore/ it can be inferred that the copper(II) may 
be effectively removed even from highly saline medium. The 
proposed method may be found suitable enough for the removal 
of copper ions from sea water. 
4.3.8 Effect of Dose on the Adsorption Process 
The effect of adsorbent',s dose on the removal 
efficiency of copper(II) has been presented in Table 4.20 
and Fig. 4.10. This figure shows that the adsorption 
increases with the increase in the dose of the adsorbents. 
- R O X 
- R O --
ROX"*" 
+ 
+ 
+ 
CI -
Na^ 
CI" 
— ^ ROX CI 
^ RONa"*" 
rXCl . 
_ 
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Table 4.20 Effect of Mangifera Indica Seed and Seed Shell on 
the Adsorption Process. 
Amount of 
the adsorbent 
lmg/50ial) 
100 
200 
300 
400 
500 
600 
Mangifera 
Total 
Indica Seed 
adsorption 
of Copper(11) 
(mg/1) 
10.98 
12.06 
14.12 
16.65 
17.74 
17.74 
% adsorp-
tion 
54 
60 
70 
83 
88 
88 
Mangifera Indica Seed 
Shell 
Total % 
adsorption 
of Copper(11) 
(mg/1) 
11.08 
13.06 
14.89 
16.95 
17.93 
17.93 
Removal 
55 
65 
74 
84 
89 
89 
Conditions: Initial Concentration of Cuill) = 19.97 mg/1 
pH = 6, Temperature = 25''C, 
Contact time =90 min. 
Particle size =500 mg/50 ml 
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50 
40 
• Mango Seed 
oHongo Seed 
Shell 
1 JL ± 
100 200 300 400 500 600 
Amount of the adsorbent (mg/50ml) 
Fig. 4.10 Effect of Dose on the removal of Cu(II) 
by the adsorbents. 
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The maximum removal is reached at 500 mg of both the 
absorbents. 
4.3.9 Effect of Particle Size 
The studies were also carried out by using adsorbents 
of different particle sizes (100 }i to 500 p). The maximum 
adsorption was observed on the adsorbents of finest particle 
size (100 p)/ probably due to the larger surface area 
available for adsorption process. 
4.3.10 Kinetics of the Adsorption Process 
2+ When the solution containing Cu ions iS shaken/ the 
2+ 
adsorbate species (Cu ions) are transported to the solid 
phase by ixitra-particle transport phenomena(45). The intra-
particle transport is supposed to be the rate controlling 
step. The amount of adsorbed species varies 
proportionately(46) with a function of retention time. 
Fig. 4.11 shows a plot of log ( % adsorption) Vs log (time) 
which gives a straight line. This can be expressed as 
X = Kt. t"" 
Where, x is the % adsorption, ',t', is the shaking period in 
hours '.m', is the slope of the linear plot and K^ is constant 
coefficient. The deviation of the line from origin indicates 
that intraparticle transport is not the only rate limiting 
step(47). 
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Probably/ the transport of the adsorbate (copper) from 
the solution through the particle solution interface, into 
the pores of the particles as well as the adsorption on the 
available surface of the adsorbents are both responsible for 
adsorption. 
Thus/ the results of these investigations are quite 
useful in developing an appropriate technology for designing 
a waste water treatment plant for the removal of copper(ll). 
This process is economically feasible and easy to carry out. 
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CHAPTER - V 
CHAPTER - V 
ADSORPTION BEbAVIODR OF CADMIDM« ZINC, NICKEL AND LEAD FROM 
AQUEOOS SOLUTIONS BY MANGIFERA INDICA SEED SHELL 
5.1 INTRODUCTION 
The tremendous increase in the use of heavy metals 
over the past few decades has inevitably resulted in an 
increased flux of metallic substances in aquatic 
environment. The metals core of special concern because they 
are non-degradable and therefore persistant. Industrial 
waste constitutes the major source of various kinds of metal 
pollution in natural waters (1). The important toxic metals 
i.e. cadmium, zinc/ nickel and lead finds its way to the 
water bodies through waste waters from metal plating 
industries and industries of cadmium-nickel batteries, 
phosphate fertilizer, mining, pigments, stabilizers, 
alloys (2), electroplating corrosion of galvanized piping 
and dizincification of brass, besides other industrial 
wastes. The metal ions i.e. cadmium, zinc, nickel and lead 
are important heavy metals in soil - water system sincethey 
are micronutrient in plants and animals including man. The 
effects of acute cadmium poisoning in humans are very 
serious, among them are high blood pressure, kidney deunage 
and destruction of testicular tissues and Red Blood Cell (3). 
Lead poisoning causes diseases such as anemia, damage to 
central nervous system and mental deterioration. Production 
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of dermatitis in some workers engaged in electroplating 
polishing paints and pigments may be attributed to nickel 
poisoning. 
A number of technologies have been developed over 
the years to remove toxic metals jfrom water. The most 
important technologies have already been described in 
chapter 4, section 4.1. These methods are not cost effective 
in Indian context. Low cost and non conventional adsorbents 
too have been described in chapter 4, section 4.1. 
In the continuation of the previous work, the 
possible utility of Mangifera Indica seed shell has been 
found to be the most effective adsorbent, comparatively to 
that of Mangifera Indica seed for the removal of metal ions. 
The aim of the present work was to carry out a 
comparative study on the uptake of cadmium, zinc nickel and 
lead by Mangifera Indica seed shell from aqueous solution. 
The effoct of time, pH, temperature and salinity on 
the removal efficiency of cadmium, zinc, nickel and lead 
have been studied. The adsorption isotherms and 
appropriate thermodynamic parameters i.e. Ink, ^  S,^G and 
AH have been calculated and discussed. 
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5 . 2 EXPERIMENTAL 
5.2.1 Msorbate 
A Stock solutions of cadmium, zinc, nickel and lead 
was prepeured and standardised complexometrically with EDTA 
as described in chapter 4, section 4.2.1. 
All the reagents used were of analytical grade and 
the same apparatus were used as mentioned in chapter 4. 
5.2.2 Adsorbent: used 
Here the adsorbent used was treated Mangifera Indica 
seed shell. The treatment process was same as that described 
in chapter 4, section 4.2.2. 
5.2.3 Adsorption Studies 
Samples of the 0.5 gm of the Mangifera Indica seed 
shell were shaken with 50 ml of cadmiumdl), zinc(II), 
nickel(II) and lead(II) solutions of different concentration 
at 30°, 40"» and 50*0 for a prescribed length of time. The 
equilibrium is reached within the period of 90 min. The 
equilibrating solutions were then filtered and titrated to 
find out the equilibrium concentration as described in 
chapter 4, section 4.2.5. The amount of cadmiumdl), 
zinc(ll), nickel(II) and lead(II) adsorbed on Mangifera 
Indica seed shell (mg/g) was calculated as the difference of 
initial and final equilibrium concentrations (mol/1) i.e.. 
Am = Ci - Ce 
25E 
To Study the fitting of Freundlich and Langmuir equations: 
m Am = inK + 1/n In Ce (i) 
Ce/Am = 1/kl/b + (1/b) Ce (ii) 
the plots of InAm Vs InCe and Ce/Am Vs Ce were drawn (Figure 
5.4-5.5) respectively. The points indicate the observed data 
and the line corresponds to the fitted data. 
The technique applied to fit the Freundlich and 
Langmuir equations for the adsorption data is same as 
mentioned in chapter 4. 
5.3 RESULTS AND DISCUSSION 
5.3.1 Time of Equilibrium 
The change of adsorption of cadmium(II), zinc(II), 
nickeldl) and lead(II) with time is presented in Figure 5.1. 
The adsorption increases with increasing contact time and 
the equilibrium was attained after shaking for 90 min. 
Therefore, in each experiment, the shaking time was set for 
90 min. 
5.3.2 Effect of pH 
The effect of pH on the adsorption of cadmium, zinc, 
nickel and lead on Mangifera indica seed shell is presented 
in Figure 5.2. The pH of the aqueous solution is an 
important controlling parameter in the adsorption process 
(4 ) and thus the role of hydrogen ion concentration was 
257 
C 
o 
o 
m 
"O 
< 
90 
80 
70 
( Q ) 
-
1 1 1 . 
15 30 60 90 
Time (min.) 
120 
c 90 
o 
a 
o 80 
M 
< 
js 70 
( b ) 
^ -^ ^^ ^^ ^ 
1 1 1 1 
15 30 60 90 120 
Time (miOv) 
60 90 
Time (min.) 
c 90 
o 
a 
o 80 
lA 
"D 
< jS 70 
(d ) 
-
-
1 1 1 1 
15 30 60 90 120 
Time (min.) 
Fig. 5.1 Effect of time on the removal of (a) Cadmium, (b) Zinc, 
(c) Nickel and (d) Lead by Mangifera Indica Seed 
Shell. 
258 
examined from solutions at different pH covering a range of 
1.0-8.0. It was observed that with the increase in pH of the 
solution, the extent of removal increased in all the cases, 
but there was difference in the trend. In case of cadmixim 
the percent adsorption increased almost linearly between pH 
2 to 51 attaining a maximum value of 72% around pH 5. As 
such a peak percentage adsorption of cadmium was attained 
around pH 5. But after pH 5 there was a decrease in the 
adsorption. This decrease may be due to the formation of 
soluble hydroxy complexes. 
According to Baes and Mesme (5) as the solution pH 
is increased, the on set of metal hydrolysis and 
precipitation began at pH > 6. As solution pH is increased 
the on set of adsorption therefore occurs before the 
begining of hydrolysis. 
The hydrolysis of cations occurs by the replacement 
of metal ligands in the inner co-ordination sphere with 
hydroxy groups (6). This replacement occurs after the 
removal of the outer hydration spheres of the metal cations. 
Adsorption may not be related directly to the hydrolysis of 
the metal ion, but instead of the outer hydration spheres 
that precede hydrolysis. 
Whereas in case of zinc, nickel and lead, the trend 
is almost the Scune i.e. the percent adsorption increased 
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between pH 2 to 6, attaining a maximum vedue of 91% around 
pH 6. 
Difference in the adsorption behaviour can be 
explained in terms of:-
(a) Difference in chemical speciation 
(b) Difference in ion size parameters in solution of the 
two metal ions. 
Most probably, the removal of cadmium, nickel, zinc 
and lead by Mangifera indica seed shell involves a complex 
mechanism which is partly controlled by adsorption and 
partly by chemical precijpitation at the solid-solution 
interface (7) and also partly by pore filling mechanism. 
5.3.3 Effect of Temperature 
The adsorption of cadmium(II), zinc{II), nickel(II) 
and lead(II) on Mangifera Indica seed shell from 25-50°C has 
been studied Figure 5.3. The maximum removal is from 30-50°C 
in case of zincClI), nickel(II) and lead(II). The enhanced 
adsorption might be due to adsorption of these ions, due to 
the change in the size of pores and enhanced rate of intra 
particular diffusion (8). In case of cadmium(II), the 
maximum removal is from 30-40°C, but after 40*»C, the 
desorption of the adsorbate increases leading to a net 
decrease in adsorption. This may be due to weakening of 
adsorptive forces between active sites of the adsorbents and 
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the adsorbate species and also between the adjacent 
molecules of adsorbed phase {9). 
5.3.4 Adsorption Isotherms 
A computer simulation technique have been applied to 
fit the Freundlich and Langmuir equation for the adsorption 
data. The coefficients of linear least square fitting (R) 
were computed for these two models. 
The thermodynamic parameters In k, AG, A S and A H 
were also computed from the equation given below. 
The free energy change ( A G ) was calculated from 
the relation A G = - RT In k. 
Similarly, the enthalpy change A H between 30-50°C 
was computed from the following equation. 
In k = " ^^— + C 
RT 
and the entropy was calculated from the equation 
A G = AH - T A S 
The isotherm plots are shown in Figures 5.4-5.5. The 
values of Am Ce, In Am, In Ce are shown in Tables 5.1-5.4. 
In the adsorption of cadmium(II), zinc(ll), nickel(II) and 
lead(II) at pH 5, the Freundlich equation is better obeyed 
by the system then the Langmuir equation as it is evident 
from the vedues of regression coefficients shown in 
Table 5.5. The related parameters for the fitting of 
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Table 5.1: Fitting of Freundlich equation. Adsorption of CddD 
en treated Mangifera indica seed shell. 
Am Ce I n Am In Ce 
Studies at 
6.384E-05 
1.133E-04 
1.955E-04 
2.616E-04 
3.713E-04 
Studies at 
6.923E-05 
I.186E-04 
2.041E-04 
2.747E-04 
3.803E-04 
Studies at 
4.675E-05 
9.441E-05 
1.560E-05 
2.189E-04 
3.012E-04 
30«»C 
40«»C 
50-C 
2.427E-05 
6.564E-05 
7.148E-05 
9.621E-05 
1.007E-04 
1.888E-05 
6.024E-05 
6.294E-05 
8.317E-05 
9.171E-05 
4.136E-05 
8.452E-05 
l.llOE-04 
1.389E-04 
1.708E-04 
-9,659 
-9.085 
-8.539 
-8.248 
-7.898 
-9.577 
-9.038 
-8.496 
-8.199 
-7.874 
-9.970 
-9.267 
-8.765 
-8.426 
-8.107 
• 1 0 . 6 2 5 
• 9 . 6 3 1 
• 9 . 5 4 6 
• 9 . 2 4 8 
• 9 . 2 0 3 
• 1 0 . 8 7 7 
- 9 . 7 1 7 
- 9 . 6 7 3 
- 9 . 3 9 4 
• 9 . 2 9 6 
- 1 0 . 0 9 3 
- 9 . 3 7 8 
• 9 . 1 0 5 
• 8 . 8 8 1 
• 8 . 6 7 4 
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Table 5.2; Fitting of Freundlich equation. Adsorption of Zn(ll) 
on treated Mangifera indica seed shell. 
Am 
Studies at 
2.032E-04 
3.949E-04 
6.385E-04 
8.411E-04 
1.133E-03 
Studies at 
2.080E-04 
4.113E-04 
6.630E-04 
8.663E-04 
1.157E-03 
Studies at 
2.101E-04 
4.147E-04 
6.705E-04 
8.745E-04 
1.176E-03 
30»C 
40«»C 
50<»C 
Ce 
1.910E-05 
3.342E-05 
5.320E-05 
6.685E-05 
8.390E-05 
1.432E-05 
1.705E-05 
2.865E-05 
4.161E-05 
6.003E-05 
1.227E-05 
1.364E-05 
2.114E-05 
3.342E-05 
4.161E-05 
In Am 
-8.500 
-7.83 6 
-7.356 
-7.080 
-6.7822 
-8.477 
-7.796 
-7.318 
-7.051 
-6.761 
-8.467 
-7.787 
-7.307 
-7.041 
-6.745 
In Ce 
-10.865 
-10.306 
- 9.841 
- 9.613 
- 9.385 
-11.153 
-10.979 
-10.460 
-10.087 
- 9.720 
-11.307 
-11.202 
-10.764 
-10.306 
-10.087 
26§ 
-8.00 
-11.00 -10.00 -9.00 
InCe 
Fig. 5.4 Freundlich plots for the adsorption of (a) Cadmium 
and (b) Zinc on Mangifera Indica Seed Shell. 
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Table 5.3: Fitting of Freundlich equation. Adsorption of Ni(ll) 
on treated Hangifera Indica seed shell. 
Am Ce In Am In Ce 
Studies at 
2.537E-04 
5.027E-04 
7.067E-04 
9.413E-04 
1.174E-03 
Studies at 
2.571E-04 
5.198E-04 
7.326E-04 
9.768E-04 
1.214E-03 
Studies at 
2.605E-04 
5.232E-04 
7.367E-04 
9.864E-04 
1.231E-03 
30«C 
40»C 
50«»C 
2.046E-05 
3.547E-05 
5.525E-05 
8.049E-05 
1.016E-04 
1.705E-05 
1.841E-05 
2.933E-05 
4.502E-05 
6.207E-05 
1.364E-05 
1.500E-05 
2.523E-05 
3.547E-05 
4.434E-05 
-8.279 
-7.595 
-7.254 
-6.968 
-6.746 
-8.265 
-7.562 
-7.218 
-6.931 
-6.713 
-8.252 
-7.555 
-7.213 
-6.9 21 
-6.691 
•10.796 
-10.246 
• 9.803 
- 9.427 
• 9.194 
-10.979 
-10.902 
-10.436 
-10.008 
- 9.687 
-11.202 
-11.106 
-10.587 
-10.246 
-10.023 
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Table 5.4: Fitting o£ Freondlich equation.Adsorption of Pb (ii) 
on treated Hangifera indica seed shell. 
Am Ce In Am In Ce 
Studies at 
2.830E-04 
5.232E-04 
7.503E-04 
9.966E-04 
1.253E-03 
Studies at 
2.871E-04 
5.443E-04 
7.776E-04 
1.032E-03 
1.294E-03 
Studies at 
2.885E-04 
5.464ET04 
7.824E-04 
1.038E-03 
1.398E-03 
30«»C 
40«»C 
50«»C 
2.455E-05 
4.434E-05 
6.207E-05 
8.500E-05 
1.084E-04 
2.046E-05 
2.319E-05 
3.479E-05 
4.979E-05 
6.753E-05 
1.910E-05 
2.114E-05 
3.001E-05 
4.297E-05 
5.389E-05 
-8.169 
-7.555 
-7.194 
-6.911 
-6.681 
-8.155 
-7.515 
-7.159 
-6.876 
-6.649 
-8.150 
-7.512 
-7.153 
-6.869 
-6.638 
-10.614 
-10.023 
- 9.687 
- 9 .372 
- 9.129 
-10.796 
-10.671 
-10.266 
- 9 .907 
- 9.602 
-10.865 
-10.764 
-10.413 
-10.054 
-:i9.828 
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Fiq. 5.5 Freundlich Plots for the adsorption of (a) Nickel 
and (b) Lead on Mangifera Indica Seed Shell. 
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Freundlich equation at different temperatures are sumarised 
in Tables 5.6-5.9. This Freundlich type b^aviour is 
indicative of surface heterogenity of the adsorbent i.e. the 
adsorptive sites (surface of the Mangifera Indica seed 
shell) are made up of small heterogeneous adsorption patches 
which are homogeneous in themselves. 
The plots of In Ce Vs In Am for cadmixim, zinc, 
nickel and lead (Figs. 5.4-5.5) show that the total 
adsorption decreases with increase in temperature at low 
concentration leading to a reversal in the adsorption 
capacity at high concentration whereas the total adsorption 
increases with the temperature. 
This type of behaviour may be due to initial 
adsorption of the ions via physisorption with the increase 
in concentration at elevated temperature. The activation of 
adsorption site takes place leading to increased adsorption 
probably through surface exchange mechanism. Actually, at 
higher temperature the aggregation of these ions at the 
surface of Mangifera indica seed shell increases which 
results in an exchange reaction with the already adsorbed 
species. 
This coupled mechanism gives comparatively a linear 
variation of the k-values with the temperature and hence 
Vontt Hoff type equation is applied to carry out the 
computation of the thermodyneuaic parameters. 
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In case of cadmium the over all system seems to be 
exothermic (AH = 14.3850 kCal/k/mol) . This may be due to 
the formation of the different type of hydrated species of 
the metal ions. 
Further the free energy change A G of the process at 
all temperatures is negative and increases with the increase 
in temperature which indicates that the process is 
spontaneous in nature and the spontaneity decreases with the 
rise in temperature. This can be explained as follows. The 
negativity of the enthalpy (AG) decreases with the increase 
in temperature which is probably due to the decrease in 
physical forces responsible for adsorption. This behaviour 
shows that enhanced desorption is taking place resulting in 
the total decrease in adsorption. 
The entropy ( <A S; of the over all system is 
neyative and almost constant. The negative entropy value of 
the system can be attributed to the favourable adsorption. 
The adsorption trend of zinc, nickel and lead is 
different from that of cadmium (Fig. 5.6). Here the over all 
process seems to be endothermic. The entheJ-py change for 
zinc is (Z\H = 13.10292 K Cal/k/mol) for nickel (AH=2 4.98683 
K Cal/k/mol) and for lead (AH = 31.42753 K Cal/k/mol). Had 
the physisorption been the only adsorption process, the 
enthalpy of the system would have been negative (exothermic 
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process). Here actually sufficient energy is consumed: 
(i) in the dehydration of ions (Zn, Ni ^ Pb) and the 
adsorbed ionic species and/or oxygenated coivlexes 
on the surface of the adsorbent. 
(ii) in the desorption of adsorbed species. 
(iii) in changing the size of the pores and 
(iv> in enhancing the rate of intraparticle diffusion of 
adsorbate (8). 
Further the free energy A G of the process at all 
temperatures is negative and decreases with the increase in 
temperature which indicates that the process is spontaneous 
in nature and the spontaneity increases with the rise in 
temperature. This further supports the above mechanism. 
The Vcdues of Freundlich constant is also high (k>l) 
at each temperature and that increases with the rise in 
temperature (Tables 5.7-5.9). This high value indicates that 
the ions {Zn, Ni and Pb) are strongly adsorbed on the 
adsorbent. The entropy A S at all temperatures is almost 
constant but slightly decreases at 40oc. It means that at 
4 0°C, complete replacement of adsorbed species with ions 
(Zn, Ni and Pb) has taken place. At 50''C, the entropy 
slightly increases due to weakening of adsorptive forces 
between the active sites of the adsorbent and the adsorbate 
species, and also between the adjacent molecules of adsorbed 
phase (9). 
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Finally it has been seen that in case of zinc, 
nickel and lead/AH values are positive and sufficiently 
high as compared to that of Cd. Further the A G has higher 
values indicating more spontaneity in the adsorption of 
zinc, nickel and lead as it is clear from the Fig. 5.6. 
Again this can be explained on the basis of a strong 
adsorbent-adsorbate interaction which is seen on comparing 
the 1/n values. (Table 5.10), of Freundlich coefficients. 
The 1/n values are higher for zinc, nickel and lead than 
those for cadmium ions. 
5.3.5 Kinetics of the Adsorption Process 
When the solutions containing Cd, Zn, Ni and Pb ions 
are shaken, the adsorbate species (Cd, Zn, Ni and Pb ions) 
are transported to the solid phase by intraparticle 
transport phenomena (10). The intraparticle transport is 
supposed to be the rate controlling step. The rate of 
particle transportation through this mechanism is slower 
than adsorption on exterior surface site of the adsorbent. 
The amount of adsorbed species varies proportionately (11^^ 
with a function of retention time. By plotting log 
(% adsorption) Vs log (time) of the results given in 
Fig. 5.7, a straight line is obtained. This can be expressed 
as, 
X = K^ . t"^  
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where 'X' is the % adsorption, 't' is the shaking period in 
hours 'm' is the slope of the linear plot, and 'K^' i3 
constant coefficient. The deviation of the line from origin 
indicates that intra particle transport is not the only rate 
limiting step (12). 
Probably, the transport of the adsorbate (Cd, Zn, Ni and Pb) 
from the solution through the particle solution interface, 
into the pores of the particles as well as the adsorption on 
the available surface of the adsorbents are both responsible 
for adsorption. 
5.3.6 Effect of Salinity 
The effect of salinity on the adsorption of cadmium, 
zinc, nickle and lead ions are shown in Fig. 5.8. Sodium 
chloride was added to the cadmium, zinc, nickel and lead 
solutions. It can be seen that the presence of NaCl reduces 
the adsorption in all cases. This may be due to the relative 
competition between sodium ions and cadmium, zinc, nickel 
and lead species on the active adsorption sites of the 
Mangifera Indica seed shell. 
The present study thus reveals that Mangifera 
Indica seed shell with a suitable reagent is an excellent 
adsorbent for the removal of cadmium, zinc, nickel and lead 
from aqueous solution. This adsorbent may be used in water 
quality control and for treatment of waste waters contciining 
heavy metals. 
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Fig. 5.8 Effect of NaCl on the removal of Cadmium, 
Zinc, Nickel and Lead by Mangifera Indica 
Seed Shell. 
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Chromatography of Cations and Anions on l\/lixed Sorbent 
Layers Developed with Aqueous Methanol Containing 
Tributyl Phosphate and Formic Acid 
All Mohammad*, Mohammad A)mal, Naim Fatima, and Rehana Yousuf 
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TLC 
Mixed sorbent layert 
Cations 
Anions 
Tributylphosphate - formic acid eluent 
Summary 
The chromatograpliic behavior of some cations and anions has been 
examined on sorbent layers prepared from binar> mixtures of dilTerent 
ratios of alumina, silica gel, and cellulose developed with aqueous 
methanol containing tri-n-butyl phosphate and formic acid. Some 
binary and ternary separations realized on mixed beds were not 
possible on single-component layers. The results obtained on plain 
silica gel, alnmina and cellulose have been compared with those ob-
tained on mixed sorhents. Mo^ ^ has been separated from VO^ ,^ 
Tb*", and W" at different pH values. The effect of the amount of 
Mo'"*^  on its separation has also been investigated. 
1 Introduction 
Thin layer chromatography (TLC) is an inexpensive means 
of separating and identifying the components of a wide 
variety of multicomponent samples. Literature reports on 
the use of sorbent phases for normal phase TLC of metal 
ions can be classified into four main approaches: 
(i) the use of pure hydrous solids [1-5] with aqueous, non-
aqueous organic, and mixed organic mobile phases; 
(ii) the use of hydrous solids impregnated with organic 
substances; 
(iii) some synthetic inorganic ion exchange materials [6-7] 
and cellulose derivatives [8-10] have proved to be promising 
separation media for metal ions; and 
(iv) some interesting separations have been realized on 
mixed beds containing a mixture of two conventional adsor-
bents with or without a binder or inorganic salts [11-15]. 
Silica gel impregnated with inorganic materials has been 
A. Mohammad, M. Ajmal, N. Fatima, and R. Yousuf, Analytical Laborato-
ries, Department of Chemistry, Zalcir Hussain College of Engineering and 
Technology, Aligarh Muslim University, Aligarh 202002, India. 
used for some analytically important separations [13,16-19]. 
More recently sorbent layers prepared from a mixture of 
silica gel and inorganic ion exchanger gel [20] have also been 
reported as a class of sorbent phases for inorganic TLC. 
This study deals with the analysis of inorganic cations and 
anions on mixed sorbent layers prepared from binary mix-
tures of alumina, sihca gel, and cellulose, and developed 
with aqueous methanol containing tributyl phosphate 
(TBP) and formic acid (FA). TBP has proved to be an useful 
stationary phase for TLC of several metal ions [21-24] and 
FA. because of its unusual properties, offers numerous 
possibihties for the separation of metal ions [25,26]. 
2 Experimental 
2.1 Reagents 
Silica gel G and formic acid (85 %) were obtained from BDH 
(Glaxo. India) and E. Merck (India), respectively. Tri-n-
butylphosphate, methanol, aluminum oxide G (CDH, In-
dia), microcrystalhne cellulose, and all other reagents were 
of analytical reagent grade. 
2.2 Test Solutions 
Solutions were prepared from double distilled water with a 
specific conductivity, K, of 1.5 x 10"* ohm"* cm"' at 
25 "C. 
2.2.7 Cations 
Aqueous solutions (0.1 M) were prepared from the nitrates 
of aluminum, thorium, thallous lead, bismuth, silver, and 
uranium; the sulfates of copper, zinc, and vanadium; the 
chlorides of nickel, cobalt, cadmium, iron, and mercury; 
and sodium molybdate and sodium tungstate. Small 
amounts of the corresponding acids were added to the solu-
tions to prevent hydrolysis. 
444 VOL. 7. NOVEMBER/DECEMBER 1994 Journal o< Planar Chromatography 
Chromatography of Cations and Anions on Mixed Sorbent Layers 
2.2.2 Anions 
Test solutions (1 %) were prepared from sodium or potass-
ium nitrate, nitrite, vanadate, molybdate, chloride, bromide, 
iodide, tungstate, ferricyanide, chromate, dichromate. per-
manganate, iodate, periodate. and bromate, and ammonium 
thiocyanate and heptamolybdate. 
2.3 Detection 
2.3.1 Cations 
Ni^* and Co^* were detected with 1 % alcoholic di-
methylglyoxime solution. Zn^*, Cd^\ Pb^^ Hg", Hg^"", 
Bi^*, and TV with a 0.1 % solution of dithizone in 
chloroform, AP"* with 1 % aqueous aluminon solution 
containing am adequate quantity of ammonium acetate, 
Th** with a 1 % aqueous solution of thoron of stannous 
chloride in 2 M hydrochloric acid (HCl), and Cu^"", VOl*, 
VO "^^ , Fe^* and Fe^' with potassium ferrocyanide. 
2.3.2 Anions 
I", Br ", CrO*" and CTJO^' were detected with a saturated 
solution of silver nitrate in methanol, NOJ, NOJ, WOj", 
lOJ, lO;, BrO;. and MnO; with 0.2-0.5 % diphenylamine 
in 4 Msulfuric acid (H2SO4). SCN' and Fe(CN)^ with 10 % 
ferric chloride in 2 .M HCl. and MoOi' and M07OI4 with 
0.2-0.5 % alcoholic pyrogallol solution. 
in air and the spots detected using appropriate spray 
reagents. 
The effects of different anions on the Rf of cations, and rice 
versa, were studied using solutions containing a cation and 
an anion in the ratios 1:1, 1:2, or 2:1. 10 /il of the solution 
was spotted on the plates, and these were then developed 
and the Rf values determined. 
The effect of the pH of the sample solution on the separation 
of Mo** from VO^*, Th*^ and W*"" was studied by 
preparing 1 % sample solutions and using dilute KOH or 
H2SO4 to adjust the pH to the desired values. 
The effect of plate loading on the Rf values of the anions was 
studied by applying 0.01 ml of various standard solutions 
of the anions to the plates by means of a micro pipet. The 
plates were developed and the Rf values calculated. 
In order to achieve the separation of lOJ and IO4 from 
milligram quantities of NO2 . BrOJ and SCN", and vice 
lersa. stock solutions of sodium nitrite (40 %). potassium 
bromate (5 %), anunonium thiocyanate (20 %), potassium 
iodate (1 %), and potassium periodate (1 %) were prepared 
in deionized water and synthetic mixtures containing va-
rious amounts of test solutions were applied to the plates b\ 
means of a micro pipet. The plates were then developed and 
the /?L and Rj values {Rf values of leading and traihng edges 
of the spots) calculated. 
2.4 Chromatography 
2.4.1 Preparation of TLC Plates 
Plates were coated with plain silica gel, plain aluminum 
oxide, plain cellulose, mixtures of silica gel and aluminum 
oxide (1:1, 1:9. 9:1). mixtures of silica gel and cellulose (1:1, 
1:9. 9:1), and mixtures of aluminum oxide and cellulose 
(1:1, 1:9,9:1). 
The plain sorbents were mixed in the ratio 1:3 with deion-
ized water, with constant shaking for five min, and the 
resulting slurry was immediately coated on to clean glass 
plates (20 x 3 cm^). by means of a Toshniwal (India) 
coating apparatus, to give 0.25 mm layers. The plates were 
dried in air at a room temperature (30 °C) and activated in 
an electrically controlled oven at 100 °C for 1 h. After 
activation these plates were cooled and kept in an enclosed 
chamber until used. 
Mixed sorbent layers were prepared by mixing silica gel and 
aluminimi oxide, silica gel and cellulose, or alimiinum oxide 
and cellulose in the ratios 1:1. 1:9, or 9:1, preparing a slurry 
with deionized water, and coating the plates as described 
above. No additional binder was used. 
2.4.2 Procedure 
Solutions of the cations or anions (5 //I) were spotted on the 
plates with a micro pipet. The plates were developed with 
1 M aqueous FA - 1 % TBP in methanol, 8 + 2, in 24 x 
6 cm glass jars; ascending development was performed to a 
distance of 10 cm. After development the plates were dried 
3 Results and Discussion 
The results of this study are summarized in Figures 1-4 and 
Tables 1-3. Figure 1 records the chromatographic behavior 
of metal ions on silica gel. alumina, and cellulose. All were 
clearly detected, but strongly adsorbed on alumina layers. 
Most of the metal ions moved with the solvent on the silica 
gel or cellulose layers. Mo*"", Bi^  *, Th*"^ , and Pb^ "" showed 
considerable taiUng owing to hydrolysis and'or adsorption 
phenomena. None of the adsorbents was found satisfactor> 
for the separation of metal ions with the TBP-FA system. 
Changes in the concentration of either TBP or FA failed to 
provide any improvement in the results, although develop-
ment time increased with increasing TBP concentration. 
In order to utilize sihca, alumina, or cellulose to achieve the 
desired separations of the metal ions, any two of altmiina. 
silica gel. and cellulose were combined in the ratios 1:1, 1:9. 
or 9:1 and tested using the TBP-FA mobile phase. The 
results illustrated in Figures 2-^ clearly indicate that the 
mixed sorbent layers are capable in indudng differmtial 
migration of several of the metal ions. The fairly high pos-
itive and negative values for ARf (Rf on plain adsorbent 
layer mintis Rf on mixed adsorbent layer) are in&cative of 
several possibilities of selective separations of metal ions on 
the mixed layers. The negative JRf values show that the 
layers prepared from mixed sorbents are more selective for 
the metal ions than the plain sorbents, whereas positive 
values are indicative of higher selectivity of plain sorbent 
layers. 
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Flgura 1 
Plot o( mobility of metal ions on (Wlerent adsorbent* in TBP: FA (2: S); (a) 
Silica gel ;(b) Alumina ;Celluiose; A-A slightly tailed; A-.1 Tailed spote; 
•-•Compact Spots 
The interaction forces between particles approaching each 
other during the process of mixing of two different sorbents 
may be the van der Waah force of attraction and the coul-
ombic force (repulsive or attractive) associated with the 
charged particles. The strong interaction between the acidic 
(negative) sihca surface sites and the basic (positive) alumina 
surface sites in a mixed bed results in a two-particle system 
with modified surface sorption capacity. Cellulose being a 
mild organic sorbent phase also modifies the sorption 
properties of both alumina and sihca gel. The long chains 
of glucose units in cellulose he side by side in hnear bundles 
held together by hydrogen bonds between the numerous 
neighboring hydroxyl groups. The high intermolecular for-
ces and the regular structiu'e of cellulose results in a high 
degree of crystallinity. 
On mixing, surface active centers of the altmiina (hydroxyl 
groups and oxide ions) and sihca (silanol groups, Si-OH) 
come into contact and interact with ceUulose surface; be-
cause of the number of hydroxyl groups present, cellulose 
always has the opportunity of forming many hydrogen 
bonds. 
Vo'' Fe-^ * f'.^* 7n^* Ag^* w6* HQ?^ Pb** Th^* 
' • i • ' • ' ' ' ' ' • t ' ' ' ' ' 
A|J*Fe?*Co'*Cu'*MoS*Cd' 'Hg* T I* B l ' * UO^'* 
Figure 2 
PM of AJ^  (/^ plain silica gel - / ^ en mixed bed layers) In TBP-FA (2:8); 
(a) Silica gel-Alumina (1:1), (a*) Silica gel-Celiuloae (1:1); (b) Silica 
gel-Alumina. (1:9). {V) Silica gel-Celluloee (1:9); (c) Silica gel-Alumina 
(9:1), (cl Silica gel-Cellulose (9:1). 
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gel (9:1), (c") Alumina-Cellulose (9:1). 
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Figure 4 
PM ol Mi, (i^ on pMn ceUdoee layer - f^  on mixed bed lay ere) In TBP-F A 
(2:8); (a) Cellulose-Alumina (1:1). (aO Cellulose-Sltica gel (1:1); (b) 
Cellulose-Alumina (1:9), (b*) Celluiose-Sllica gel (1:9); (c) Calluloee-AI-
umina (9:1), (c*) Celluloee-Silica gel (9:1). 
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All these surface modifications/alterations provide the 
possibilities of some important separations. Several workers 
have also used binary sorbent layers to increase the resolu-
tion of certain samples compared with that obtained on the 
separate phases [27]. 
The separations possible on the mixed bed, and those 
achieved experimentally are given in Tables 1 and 2. 
Table 1 
Binary separations ol various metal Ions possible on different 
mixed sorbent ptiases witfi TBP-FA eluent.*' 
Stationar>'Ratio 
phase 
Silica gel 
+ 
alumina 
1:1 
1:1 
1:9 
1:9 
9:1 
Cation Cations from which separation is 
separated p>ossible 
Mo*-
(0.08) 
Pb=-
(0.06) 
Th*-
(0.09) 
Mo*-
(0.09) 
Mo*" 
(0.07) 
Ni=' or A P * (0.68), CO^^ 
(0.70).Cd^- (0.66). Cu'" (0.64), 
UO;* (0.53) VO^" (0.67). Tl''(0.37). 
Hg-"' (0.62) 
Ni=-. Cd ' - . UO^*. or VO'" (0.60) 
Co=- (0.65), Cu- ' (0.51), Al '" (0.58) 
Co-- (0.36). Cd'* (0.28). UO^" 
(0.33) V0- - (0.31). Al '" (0.71), 
Pb-- (0.38) Hg'^ (0.47) 
Co=- or Hg=- (0.29). Cd^" (0.24), 
U O ^ (0.32). VO "^* (0.26). A P * 
(0.25) 
Ni=-. Pb-- . or Bi'* (0.82). Zn^' or 
Cu-- (0.86). Cd-" (0.81). UO^,^ 
Silica gel 
+ 
cellulose 
1:1 M o ' -
(0.17) 
1:9 
9:1 
Mo'-
(0.32) 
Mo*-
(0.17) 
(0.88). VO-'- (0.76), Fe^" (0.50), 
Fe'- (0.45). AP- (0.75), Hg*(0.84). 
Hg^- (0.78). Tl*(0.68). Ag*(0.72). 
Co-- (0.80) 
Ni^-(0.90). Co-- (0.92), Zn^' (0.85). 
Cd'-. VO^- or Al'" (0.88), Cu^" 
(0.80). UO^- (0.82), Fe^ "" or Fe'"' 
(0.70). Th*- (0.84). W*" (0.43), Pb^' 
or Hg- (0.95). Bi^ * (0.71). Ag* 
(0.97). Tl- (1.0) 
Ni=-. Co--. Al'-. Hg-", Ag", or 
Tl-(l.O). Zn^- or Cd^" (0.99), Cu^-
(0.97). UO^- (0.89), VO^* or Bi'" 
(0.91). Fe-- (0.93), Fe'* (0.87), 
Tt*- (0.90). W - (0.86), Hg^ "" (0.84) 
Ni-- (0.88). Co^" (0.87), Zn^* (1.0). 
Cd=- (0.98). Cu^" (0.82), UO^^^ 
(0.76). VO^- (0.43), Fe^ -" (0.58), 
Fe^- (0.57). AP- (0.74), Th*" (0.70). 
W'- (0.40). Pb^" or Hg" (0.80), 
Hg^- (0.83). Bi'" (0.65), Tl" (0.94) 
" Values in parentheses denote the Rf values of the cations. 
In addition to metal ions, conunon anions were also chro-
matographed on mixed beds with the aim of (i) exploring the 
analytical potentialities of mixed bed for the separation of 
anions and (ii) studying the effect of anions on the separa-
tion of cations and vice versa. 
Table 2A 
Ternary separations of cation achieved experimentally on a 
mixed bed of silica gel and cellulose developed wWi TBP-FA 
eluent 
StationaryRatio Separations achieved {R^^ - R^) 
phase 
Silica gel 1:9 
cellulose 
Silica eel 9:1 
Mo'" (0.46-0.00), 
(1.00-0-90) 
Mo'" (0.48-0.00). 
(1.00-0.95) 
Mo*" (0.50-O.00). 
(1.00-0.95) 
Mo*" (0.52-0.00). 
(1.00-0.96) 
Mo*" (0.5S-0.00). 
(1.00-0.90) 
Mo*" (0.46-0.00). 
(1.00-0.95) 
Mo*- (0.34-0.00), 
(0.88-0.76) 
Mo*" (0.34-0.00), 
(1.00-0.92) 
Mo*" (0.4O-0.00), 
(0.90-0.84) 
NJo*" (0.34-0.00). 
(0.90-0.88) 
Fe'" (O64-0.50), Al'" 
Fe'" (0.72-0.58), Co'" 
Fe'" (0.77-0.63), Ni'" 
Fe'" (0.90-0.70), Cu'" 
Fe'" (0.85-0.65), UO^" 
Fe'" (0.65-0.55), Tl" 
Fe'" (O70-0-42),A1'" 
Fe'" (0.69-0.55), Pb'" 
Fe'" (0.63-0.59), Ni'" 
Fe'" (O72-0.54), Cd'-
Tabie 2B 
Separations ol anions achieved experimentally on different 
mixed sortwnt beds phases developed with TBP-FA ekienL" 
Staiionar> Ratio Anion sperated Anions from which separated 
phase 
Silica gel 1:1 lO' (0.28) 
+ 
alumina 
Silica gel 1:1 
cellulose 
Alimiina 1:1 
N O : (0.96), BrO:(0.84) 
MnO; (0.00) N O ; or BrO; (0.96), 10; or 
l o ; (1.00), Mo.,oJ; (0.94) 
lO; (0.24) 
cellulose 
N O ; (0.89), BrO; (0.91). 
SCN" (0.90) IO;(0.!0) NO; 
or SCN" (0.95), BiO; (0.76") 
" Values shown in parentheses denote the Rf values of the anions. 
Table 3 summarizes a few of the anion separations achieved 
experimentally. The effect of anions (NOJ, B1O3, SCN", 
NO J. 10 J, or IO4) on the mobility of certain cations 
a h * \ Mo*^, P b ^ \ Ag", Z n ^ \ and Fe^*) and vice versa 
was studied by performing separations in triplicate on mixed 
beds prepared from 1:1 mixtures of silica gel phis alumina 
or cellulose, or alumina plus cellulose. The maTimimn devia-
tions from the original Rf values of the cations was always 
< ± 0.1 except for Bi^ " and Fe^ ^ for these two cations the 
deviation occasionally rose to ± 0.2. Similarly, the maxim-
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Tabic 3A 
QuantitaHve Mparallon ot I0~ from N0~, BrO~, and SCN~ 
their M K S , on alumina - cailuiosa (1:1). 
as 
Anion 
NO; 
BrO; 
SCN" 
Amount 
of anion 
salt 
0.40 
4.00 
0.10 
0.04 
0.05 
0.50 
0.05 
0.04 
0.20 
2.00 
0.10 
Table 3B 
(R,-R,) 
values 
for anion 
(1.00-0.53) 
(1.00-0.46) 
(0.88 - 0.72) 
(0.80 - 0.65) 
(0.75 - 0.59) 
(0.76 - 0.54) 
(0.80 - 0.60) 
(0.85 - 0.65) 
(0.88 - 0.65) 
(0.87 - 0.64) 
(0.92 - 0.70) 
Amount 
of lO; 
salt 
0.01 
0.02 
0.10 
0.05 
0.01 
0.02 
0.05 
O.IO 
0.01 
0.02 
0.10 
QuantttaMwe separation ol 10^. trom NO^., BrO^ 
their salts, on alumina - cellulose (1:1). 
Anion 
No; 
BrO; 
SCN" 
Amouni 
of anion 
salt 
loaded 
(mg) 
0.40 
0.80 
4.00 
O.IO 
0.04 
0.05 
0.50 
0.05 
0.04 
0.20 
2.00 
0.02 
0.10 
( /? , - /? , . 
values 
of anion 
(1.00-0.63) 
(1.00-0.55) 
(0.90-0.56) 
(0.93-0.1") 
(0.85-0.•74) 
(0.89-0.67) 
(0.88-0.65) 
(0.90-0.72) 
(0.80-0.68) 
(0.94-0.74) 
(1.00-0.80) 
(1.00-0.87) 
(0.98-0.78) 
Amount 
of l O ; 
salt 
separated 
(mg) 
0.01 
0.01 
0.02 
0.10 
0.05 
0.01 
0.02 
0.05 
0.10 
0.01 
0.02 
0.05 
0.10 
(\-R,) 
values 
of lO; 
(0.36-0.12) 
(0.30-0.10) 
(0.34 - 0.00) 
(0.25 - 0.00) 
(0.32 - 0.14) 
(0.30-0.15) 
(0.37-0.18) 
(0.42-0.17) 
(0.24-0.11) 
(0.26-0.10) 
(0.35-0.10) 
.,andSCN~,as 
(\-R,) 
values 
of 10^ 
(0.12-0.00) 
(0.11 -0.00) 
(0.10 - 0.00) 
(0.19-0.00) 
(0.23 - 0.00) 
(0.15-0.00 
(0.09 - 0.00) 
(0.15-0.00) 
(0.17 - 0.00) 
(0.25-0.10) 
(0.37 - 0.00) 
(0.33-0.12) 
(0.26 - 0.09) 
um average de\iations from the original Rf values for most 
of the anions was alw a\ s < ± 0.2. although a diffuse spot 
was observed for SCN. a complexing anion, in the presence 
ofPb^\ 
The separation of Mo** from VO' ' . Th*^, and W*"^  was 
examined at different sample solution pH values on siUca gel 
- cellulose binary layers. Mo*' (pH 1.0) was always well 
separated. Although 1 mg of Mo*^ was successfully 
separated from 10 ^g VO^*. Th*"^ , and W*"^ , higher load-
ings of Mo** (> 5 mg) hampered the separation. 
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